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Angus, W. J., Messrs. Vickers, Sons & Maxim, Naval Construc- 
tion Works, Barrow-in-Furness (E) Oct. 1892 

Arkins, Walter, 12, Laverton Street, Willi amstown, Victoria, 

Australia (M E) Nov. 1905 

Armstrong, Adam Latimer, 42, Percy Park, Tyncmouth (S) April 1901 

Arm.strong, Joseph, 50, High Southwick, Sunderland (S) Nov. 1892 

Amesen, Olaf, York Chambers, Sunderland ... (SUR) May 1908 

Ascroft, Frederick W., 3, Bridge Place, Chester (E) May 1900 

Atkinson, Alfred, c/o Messrs. Clarke, Chapman & Co., Victoria 

Works, Gateshead-on-Tyne (E) May 1901 

Atkinson, George H., Westoe House, Grange Road, West Hartlepool (E) Nov. 1898 
Atkinson, John H., 65, Grove Street, Newcastle-upon-Tyne ... (S) Jan. 1907 
Atkinson, John Joseph, 7, Swiss Road, Elm Park, Fairfield, 

Liverpool ... (E) Mar. 1891 

Avery, Thomas, R.I.M. Dockyard, Kidderporo, Calcuttii (NA) Nov. 1903 



B. 

Baggallay, Robert, Messrs. Flannery, Baggallay & Johnson, 9, 

Fenchurch Street, London, B.C. (C E) May 1902 

Bagnall, Richard S., The Groves, Winlaton, Co. Durham (E) Mnr. 1908 

Bailey, James, 3, South Avenue, Ryton-on-Tyne (E) Nov. 1884 

Bailey. James T., c/o Messrs. Swan Hunter & Wigham Richardson, 

Ltd., Neptune Works, Low Walker (E) Feb. 18i)9 



XUl 

Bone. W. J., 61, LinskiU Terrace, North Shields (S) Dec. 1884 

Bonnjman, James Smith, 64, Plasturton Avenue, Cardiff (E) Nov. 1889 

Booth, Edward Spence, Box 6124, Boston, U.S. America ...(M S li N A) Oct. 1889 

Borrowman, William Cameron, Wh.Sch (E) Oct. 1898 

Bosi, Giuseppe, Via xx. Settembre 36-17, Genoa, Italy ... (E li NA) Jan. 1894 
Battlinala, Cawasji H., The Assur Virjee Mills, Parel, Bombay, 

British India (E) May 1907 

Box, Edward, c/o Messrs. Smith's Dock Co., Ltd., North Shields... (C E) Dec. 1906 
Bowerbank, Albert W., 42, Marine Avenue, Monkseaton, . Graduate, Nov. 1900 

Northumberland (E) ♦ Member, Dec. 1902 

Bowmcr. Matthew Noel, 8, Tankerville Terrace, Newcastle- f Graduate, Dec. 1900 

upon-Tyne (E) I Member, May 1906 

Boyd. Arthur, c'o ** Post Office," St. John?, Newfoundland (E SUR) May 1895 
Boyd, Wm.. Prestwick Lodge, Ponteland, nr. Newcastle-upon-Tyne (E) Nov. 1884 
Boyd, William, 25, Woodbine Avenue, Gosforth, Newcastle-upon- 
Tyne (E) Nov. 1904 

Boyt, John T., 432, Bourse Buildings, Philadelphia, Pa., U.S.A. ... (E) Nov. 1893 
Bradney, Walter, Billit«.'r Buildings, Billiter Street, London, E.C. (E) Nov. 1906 

Broadbent, Frank, 4, Queen Street Place, Ix)ndon, E.C (E E) Nov. 1893 

Brookfield, J. W., c/o Messrs. Halifax Graving Dock Co., Halifax, 

Nova Scotia (N A) Nov. 1903 

BrotherHton, James, 23, Nelson Street, Sunderland (E) Oct. 1896 

Brown, E. Eugene, 20, Victoria Terrace, Whitley Bay, Northum- 
berland (E E) Feb. 1886 

Brown, Geo. Matthew, c/o Messrs. The British Thomson- ) Graduate, April 1896 

Houston Co., Rugby (E) ) Member, Nov. 1897 

Brown, James, c/o Messrs. Scott & Co., Greenock (E) Mar. 1891 

Brown Joseph, c/o Mr. J. Reed, 23, Albany Park Road, Tynemouth (E) May 1904 

Brown, Percy J., 3, Douro Terrace, Sunderland (E) May 1899 

Brown, Robson, 32, Salmon Street, South Shields (E) Nov. 1889 

Brown, William, c/o Messrs. Siemens Brothers & Co., Woolwich... (E) April 1887 
Browne, Benjamin C, jun., 8, Lambton Road, Newcastle- J Graduate, Oct. 1898 

upon-Tyne (E) I Member, Dec. 1901 

Browne, Sir B. C, Westacres, Benwell, Newcastle-upon-Tyne (C E) Jan. 1885 

Bryers, Charles, 10, The Avenue, Sunderland (E) Nov. 1902 

Buchanan, John H., Oswald Chambers, 5, Oswald Street, Gla8gow(SUR) Oct. 1888 
Buckland, H. B., Baltic Chambers, Quayside, Newcastle-upon-Tyne (E) Nov. 1885 
Backwell, George William, Board of Trade Surveyor's Offices, 

Government Buildings, Barrow-in-Furness (SUR) Oct. 1896 

Bull, John Catharinus.Yoker, near Glasgow (E) Oct. 1892 

Bulmer, A. E., Spring Garden Engineering Works, Pitt St., r Graduate, Nov. 1895 

Newcastle-upon-Tyne (E) I Member, Nov. 1901 

Bulmer. Frederick Charles, 29, Benwell Grove, Benwell, J Graduate, May 1894 

Newcastle-upon-Tyne (E) i Member, Oct. 1895 

Bttlmer, John George, 34, Brighton Grove, Newcastle-upon-Tyne (E) May 1894 
Bulmer, Septimus, Ashlyn, Moorside, Feuham, Newcastle- f Graduate, May 1894 

upon-Tyne (E)t Member, Dec. 1899 

Bnrge. C. R. W., 33, Sandringham Gardens, North Shields ... (E) April 1907 

Bnrgesi, N. H., 210, Trewhitt Road, Heaton, Newcastle- r Graduate, Dec. 1901 

aiion-Tyne ... (S)\ Member, Dec. 1902 

Bnrley, M. P., 14, Croft Ten-ace, Jarrow-on-Tyne (F) Nov. 1899 



MlJBCTICt). 

Hurnott, J. B., c/o Messre. H. Watson k, Sods, High Bridge 

WorkP, Walker Gato (E) Nov. 1907 

Huriiett, Norman, B, Milburn House, Newcastle-upon-Tyne ... (E) Oct. 1891 

Bushull, Chas. A., 1, Benton Terrace, Ncwcastlc-upon-Tyne (N A li SUR) Nov. 1893 

Huttrrfleld, Ooorgo, 3, Kayll Road. Sunderland (8) Nov. 1884 

Buttdr worth, George Herbert, The Stanfield, 134, Liverpool Road, 

Great Crosby, nr. Liverpool (E) Nov. 1899 



C. 

Cadlc, T. O. M., 11, Saville Row, Newcastle-upon-Tyne (E) Nov. 

OairnH, C. W., M.Sc, 22, Otterbum Avenue, Gosforthr Graduate, Nov. 

Nowctt»tlc-upon-Tyno (E)t Member, Dec. 

Oarr, Ralph, jun., Thornleigh, Clayton Road, Newcastle, r Graduate, Jan. 

upon-Tyno (E)t Member, Nov. 

Cama, Nusserwanji Roman ji, Sleater Road, Tardeo, Bombay, 

British India (E) Dec. 

Camt♦^>n. Angus* 27, Ri>sslyn Terrace, Sunderland (S) Nov. 

t^iucr\m» Hugh RoWrt, Twi*ed House, York Terrace, North Shields (E) Feb. 
C>irstons» Samuel, Messrs, Burmei^ter & Wains, Maskin- og Skibs- 

byggiTi. OojHMihagt.»n. IVumark 

i^irtor. CUh>, J., c> Messrs. Sir W. O. Armstrong, Whitworth k Co., 

KlsNvick Shipyar\i. Newcastle-upon-Tyne (N A) Dec 

C^wveU Jv>hu I... 703. Gulgt»nsiug, Naanien. Holland (E) Mar. 

l^hskUlovoii. H. K,. 17, KeniU-orth Road, Newcastle-upon-Tyne ... (E) Jan. 
Chi%mpness, K. Coulter, Lloyvl's Register of Shipping. CoUingwood 

Uuilvlmgs. NewcH>iU^upv>u.TTne (SUR) Dec. 

l^hdpmAU, HArry UoyuoUls. Mess^n?. Clarke, Chapman •& Co.. 

G;»t^>hi\id-<»u-Tvue .. (E") Mar. 

i"lu^pn\An..»ohn AU»l.c v^ Me>*rk Claiko, ChapmAU A: Co.. Victoria 

Works. i%aU'sbe.U (E) >Iar- 

C^Arl-.ou, K. J. I... Kuj:.'L:eut., K.N., 2, Brunswick Pu»v.v, South- 

*wp:v V. ^^E^ Dec. 

ChAr*.:ou. V . :^3. l.-.tivv'ti Sirex*:. Oareshead^^n-lTne ^E> X.^t. 

v^tAs;o'.\ Ki\^ w"*i v.\i:;v.vrv. *^. St. G\vr^^':« lerrjit^v. Newc-JLjcl't^ 

u;v' r^^vv ^E^ O.,-:. 
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vV. S-:ivK-r.ArAi ^S- Mir. 

v' \a ■ *^ V 'O • -'cv . S u " >. « V ; 'k y v.c'. v.« W . r V -< S u i ; r j. _ «.: . g ^ y . 

v'"Ar^. :L"*-T. <^**tb*v;:i S^'C't.tt W.-:r^v >iv\'r iv ; £^ r,.- 

V,-v»-ir-. \.' ••-. • 
^o'-V^i.. ^' .*» .••.••-•-;*:. •. >■ ■ -v • 

v'liec^ ••••». .V c 3: jjt' ■■,•■•* •- .1.* • > 



1904 
1894 
1897 
1894 
1901 

1888 
1892 
1903 

(S) Dec. 1887 

1897 
1886 
1907 

1904 

1S93 

1906 

19C6 

ISvl 

1>:M 

i»f»:« 
iss^ 

:>>4 
i>sr 









r \ir 


* y * • 


v«, ■. 


. .■ •.■^■ 


>i •.;♦?;- v:o 


S \.r 


IVi. 


••^>r. 


r. .'.I . 


.:. \:vv»,>c:- 


X "*":: 


:i»»f 


.V. ' 


^.■vi ■•» . 


.' . i*si»: m 


E V:.. 


:s«'^ 



XV 

SLBCTXD. 

CoUer, F. E. W., Elawick Works, Newcastle-upon-Tyne (S) Jan. 1907 

Collins, Edward D., 5, Albert Terrace, Whitley Bay, North- 
umberland (E) Feb. 1903 

Conr^i, Carl, Prinsens Gade 2b, Christiania, Norway (E) Nov. 1884 

Cookson, John A., 2, St. Edmund's Road, Gateshead-on- ( Graduate, Dec. 1895 

Tyne (E) l- Member, Nov. 1897 

Cookaon, William D., 6, Primrose Hill, Low Fell, Gateshead- 

on-Tyne (E) Nov. 1901 

Cooper, Shapoojee P., c/o Messrs. The Lakhshmi Cotton Manu- 
facturing Co., Ld., Luxmi Mills, Sholapur, British India ... (E) Apl. 1903 

Cormack, Charles, 7, John's Place, Leith, N.B (SUP E) May 1908 

Comish, H. P., Lloyd's Register of Shipping, 28, Kattendyk, 

Quest Quai, Antwerp (E) Oct. 1888 

Couche, Henry Drew, 24, Derwent Road, Oxton, Birkenhead ... (S) Oct. 1891 

Coull, Alex. B., Baltic Chambers, Newcastle-upon-Tyne (C E) Jan. 1898 

CouU, Thomson B., c/o Red Star Line of Steamers, Depart- r Graduate Dec. 1906 

ment Technique, Antwerp (E) j Member Dec. 1906 

Cowan, K., Grosvenor Road, Westoe, South Shields (E) Dec. 1896 

Cowan, William W., 216, Alexander Road, Gateshead-on-Tyne ... (ED) Nov. 1905 
Craggs, Ernest H., Messrs. R. Craggs & Sons, Tees Dockyard, 

Middlesbrough (S) Oct. 1888 

Craggs, Robert Henry, Teeside Dockyard, Middlesbrough (S) May 1908 

Craig, Robert, Pageland House, Grange Road, West Hartlepool ... (E) Nov. 1892 
Crammond, A., Tyne Dock Entrance, Corstorphiue Town, South 

Shields (E) Nov. 1903 

Crawford, T. W., 10, Haldane Terrace, Newcastle-upon- r Graduate Nov. 1903 

Tyne (E)! Member Oct. 1906 

Crighton, A. T., Messrs. Egyptian Mail Steamship Co., Ltd., 18, 

Rue de la Republique, Marseilles (E) April 1903 

Crookston, John, 72, Mark Lane, London, S.E (E) Mar. 1896 

Crouch, Herbert, c/o Messrs. The Thames Ironworks and S. B. Co., 

Tidal Basin, London, E (S) May 1905 

Crozier, Thomas W., c/o Messrs. Blyth Shipbuilding Co.. Blyth ... (S) Dec. 1902 
Cruddas, W. D., Messrs. Sir W. G. Armstrong, Whitworth & 

Co., Ltd., Elswick, Newcastle-upon-Tyne (E) Dec. 1884 

Cniickshank, Alexander, 34, Landford Road, Putney, London, 

S.W.... (SUR) Mar. 1892 

Cniikshank, A., 34, Landford Road, Putney, London, r Graduate Nov. 1899 

S.W. ... ' ... (E)\ Member Oct. 1906 

Cummins, William, 30, E Wesley Road, Sunderland (E) Mar. 1896 

Curgenven, «> L. W., Eng.-Lieut., c/o The Admiralty, Whitehall, 

London (E) Nov. 1903 

, ^ .« , , ^ , ,.^ , r^ /-* .-^ r Graduate, Nov. 1897 

Carrie, H. B., 48, Jesmond Road, Newcastle-upon-Tyne (^ E) -^ ,, , ^ „ . 



Dairy mple, Wm., Myrtle Cottage, nr. Cleadon, Sunderland ... (E) Dec. 1886 
Dalrymple, William, Jun., c/o Messrs. Ruston Proctor & Co., Sheaf 

Ironworks, Lincoln (E) Dec. 1895 

Daniels, A. F. G., 2, Woodlands Terrace, South Shields (SUP E) Jan. 1907 

Danielsen, John William, Highfield. Farquhar Roa(i. Birminf]^- f Graduate, Mar. 1899 

ham (E)lMomber, Mar. 1902 
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XVll 

KLECTED. 

Douglas, John F., c/o Messrs. Day Summers & Co., Northam Iron- 
works, Southampton (E) Jan. 1888 

Dove. Herbert J., 14, Lyndhurst Avenue, Jesmond, Newcastle- 
upon-Tyne (E) Nov. 1896 

Downing, Nicholas, Glenbrooke, Victoria Avenue, Norton Road, 

Stockton-on-Tees (IF) Oct. 1894 

Dowsen, Chas., 21, Croft Terrace, Jarrow-on-Tync (E) Dec. 1885 

Dowsen, Charles, jun., 21, Croft Terrace, Jarrowon-TynefS) I ,, , ' ^ " ^ 

^ i Member, Oct. 1904 

Dowsen, Jas. Wm., Gillett House, 53, Frobisher Street, Hebburn- 

on-Tyne .. (E) May 1903 

Doxfonl, Albert Ernest, M.A., Cleatlon Meadows, Sunder- j Graduate, Oct. 1890 
land (E) I Member, Nov. 1893 

Doxfonl, Charles D., Pallion Shipyard, Sunderland (S) Nov. 1884 

Doxford, Uobt., jun., Silksworth Hall, Sunderland (S) ! „ , ' ^ * ,„^, 

^ "^ I Member, Dec. 1901 

Doxford, Robert P., Pallion Engine Works, Sunderland (E) Nov. 1884 

Doxford, Sir VV. Theodore, M.P., Pallion Shipyard, Sunderland ... (S) Nov. 1884 

Doxfonl, William, M.Sc, c/o Messrs. W. Doxford & Sons, Pallion 

Shipyard, Sunderland (S) May 1908 

Dressier, Gustav, c/o Messrs. Blohni & Voss, Shipbuildei-s, Hamburg (E) Jan. 1900 
Duckitt, .Jno.. ** Winibornc," Holywell Avenue, Monkseaton, 

Northumberland (E) Nov. 1884 

Dackitt, John Brentnall, " Leazes," Arnold Hill, Hyde, j Graduate, Oct. 1888 

Cheshire (E E) I Member, April 1895 

Duckitt, Talbot, " Grasmere," 14, Hillaries Road, Gravelly y Gratiuate, Oct. 1891 

Hill. Birmingham (E E) j Member, Oct. 1898 

Dagdale, William H., Wear Dock Yard, Sunderland ... (C E, S) Mar. 1894 
Duguid, Rolxjrt, c/o Messrs. Thomas Wilson & Sons, Naval 

Architects' Department, Hull :. ... (S) Oct. 1892 

Dykes, John, Lloyd's Register of Shipping, 3, Oriental Place, 

Southampton (SUR) Oct. 1889 

E. 

Eason, Thos., 3U, Rothwell Road, Gosforth, Newcastle-upon-Tyne (E) April 1899 
Ea-iihope, James, Messrs. Lloyds Register of Shipping, Ramsdon 

Square, Barrow-in-Furness (SUR) Dec. 1903 

Eden, Edgar Mark, 25, Coquet Terrace, Heaton, Newcastle-on- 

Tyne (E)Aprill908 

PI • . A D -T T • A XT *i WM • 1 1 /CN I Gratluatc, Jan. 1898 

Rlmiston, A. R., 7, Lovaine Avenue, North Shields (E) ... , ' ,^^, 

' Member, Oct. 1904 

Etiwanis, Robert Wm., Eng. Captain. R.N., H.M.S. " Agamemnon," 

Norc Division, Home Fleet (R N E) Feb. 1902 

Elder, Kdward, c/o Messrs. Frew, Elder, & Co., 9, Queen ^ Graduate, Nov. 1890 

Street, Newc;istle-upon-Tyne (S) /Member, Oct. 1892 

Elliott, Andrew, 28, Barkeley Drive, Seaforth, near Livcr{)ool ... (E) May 1903 

Elliott, K. E., 31, Via S. Spirits, Florence, Italy (CE) Nov. 1907 

Klliott, Richard G., 184, Chillingham Uoad. Heaton, Newcastle- 
upon-Tyne CS) May 1905 

Elliott, William D., Hessle, Hull (E) Nov. 1894 

Eltringham, Harry, Messrs. J. T. Eltringhani & Co., Stone Quay, 

South Shields (S) Feb. 1901 
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XVIU 

ELECTED. 

English, George W., Ash Lea House, South Hylton, near Sunder- 
land (ME) Nov. 1905 

Eshelby, William, 13, Brankingham Terrace, Norton Road, 

Stockton-on-Tees (E) Feb. 1888 

Eyres, Reginald J., 4, Cedars Crescent, Sunderland ... (C E) Feb. 1900 



F. 

Fairbaim, Archbold, Violet Street, South Hylton, Sunderland ... (E) Mar. 1902 
Fairburn, William Armstrong, P.O. Box, 183, Quinay, Mass., 

V,S. A. (Life Member) (N A) (E) Nov. 1902 

Fairweather, C. W., C. Milburn House, Newcastle-upon-Tyne ... (E) Oct. 1902 

Farina, A. J., 63, Quayside, Newcastle-upon-Tyne (E) Nov. 1884 

Farquharson, Geo. James, Claudiusstr 31, Wandsbek Bei, Hamburg (E) April 1899 
Fawcus, Walter, "Halcyon," 15, Marina, Western Shore, South- 
ampton (E) Nov. 1907 

Fenwick, James, B.Sc, C.E., 19, Bridge Street, Sydney, New South 

Wales (E) Oct. 1892 

Ferguson, Wm. Deeble, 3, Mount Delphi, Antrim Road, Belfast ... (CE) Feb. J 901 

Ferry, S. 0., 10, Malvern St., Newcastle-upon-Tyne (E) Oct. 1902 

Field, Arthur M. C, 30, St. Cuthbert's Terrace, Blackhili, Co. 

Durham (E E) Jan. 1898 

Field, Thomas, 23, Lansdowne Terrace, Gosforth, Newcastle-upon- 
Tyne (ESUR) April 1907 

Figari, Emanuel D., c/o Messrs. Odero & Co., Shipbuilding Yard, 

Foce, Genoa, Italy (S) Dec. 1900 

Findlay, John Taylor, 6, Earls Dene, Low Fell, Gateshead (S SUR) Mar. 1902 
Fish, Thomas Wilson, Lloyd's Register of Shipping, 2 Hare Street, 

Calcutta, British India (SUR) May 1892 

Fisher-Christensen, J. A. L., 318, North 4th Street, Camden, New 

Jersey, U.S.A (E D) Nov. 1905 

Fitzgerald, Arthur F., 39, Horsley Road, South Shields (E) | Cfraduate, Feb. 1901 
^ ^ ^ ) Member, Oct. 1902 

Fitzgerald, Durham W., Messrs. J. T. Eltringham & Co.. Stone 

Quay, South Shields (S) Dec. 1900 

Flood, George H., 442, Westgate Road, Newcastle-upon-Tyne ... (S) Jan. 1907 

Foggan, John, 26, Curtis Road, Newcastle-upon-Tyne (E S) Oct. 1904 

Ford, John McLaren, 70. Mount Pleasant. Barrow-in-Furness ... (S) Nov. 1896 
Forster, William James, 92, Granville Road. Middlesbrougli ... (NA) Dec. 1903 

Fortune, Tom Cameron, 76, Falmouth Road, Ileaton, T Graduate, Jan. 1902 

Newcastle-upon-Tyne (E) I Member, April 1905 

Foster, Henry, Greenhill House, Griffithstown, near Newport^ Mon. (E) April 1885 

Foster, Herbert Symes (E E) Dec. 1904 

Foster, Martin, Claremont, Norton. Stockton-on-Tees (F M) Nov. 1900 

Fothergill, J. R., 1, Bath^^ate Terrace, West Hartlepool (C E) Mar. 1886 

Fowler, Jas. Speir, 5, Stanley Terrace, Fisherjjato Hill, Preston, 

Lancashire (E) Nov. 1901 

Fox, Carter, 32, Lish Avenue, Whitley Bay (E) i Graduate, Feb. 1898 

I Member, Dec. 1899 

Fox, William. 56, Talbot Road, Old Trafford, Manchester ... (E) April 189ii 

France, Alfretl Brown, " Normandalc," Linden Grovt», West 

Hartlepool (E) Feb. 1900 
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XLECTKI). 

F*ranki, J. P., c/o Messrs. Morts Dry Dock and Engineering Co., 

Sydney, N.S.W., Australia (E)-^Jan. 1886 

Friederichs, Herbert F., West Hartlepool Electricity Works, 

Barn Road, West Hartlepool (E E) Mar. 1901 

Fuller, Philip S., 229, Cardigan Terrace, Qateshead-on-Tyne ... (E) Nov. 1899 

Furness, Stephen Wilson, Messrs. Furness, Withy & Co., West 

Hartlepool (S) May 1904 



G. 

Gaisford. Harold, Eng. Com. R.N., 78, Dorchester Road, Weymouth (E C) 
Gannaway, H. G., Palazzina Faggiani, via Colombara, Cornigliano- 

Ligure, Italy (S) Nov 1884 

Garmey, John, Prince Line, Ltd., Produce Exchange, New York... (E) Dec. 1898 
Garson, Stanley T., 5, Rome Terrace, Borough Road, Middles- 
brough (I M) Nov. 1902 

Garthwaite, John R.,c/o Messrs. R. Ropner& Sons, Stockton-on-Tees (S) May 1889 
Garwood, Harry Tom, Eng. Commander R.N., H.M.S. '-Exmouth," 

Atlantic Fleet (R N E) May 1903 

Gates, W.. 2, Morpeth Avenue, South Shields (SUP E) Jan. 1907 

Gayner, Robt. U., Jun., West Bank, Sunderland ... (gx /Graduate, Mar. 1886 
■^ ' * ^ ^ (Member, Oct. 1888 

Geddes, Christopher, 2a, Drury Lane, Water Street, Liverpool ... (E) Oct. 1888 
Gibb, Maurice S., Central Marine Engine Work, West Hartlepool... (E) Mar. 1908 
Gibbs, Alfred P., 83, Goldhurst Terrace, South Hampstead, i Graduate, Nov. 1901 

London (E) 1 Member, Nov. 1905 

Gibson, H., 1, Park Parade, Roker, Sunderland (S) Nov. 1884 

Gibson, J. Hamilton, c/o Messrs. Cammel, Laird & Co., f Graduate, April 1891 

Birkenhead Iron Works, Birkenhead (E) t^Iember. Oct. 1894 

Gibbesop, John W., Wansbeck Villa, Choppington, Morpeth ... (E) Jan. 1907 
GoUedge, William, c/o Messrs. Tutbury Engineering Co., ( Graduate, Nov. 1891 

Ltd., Tutbury, Burton-on-Trent (E E) I Member, Nov. 1896 

Good, Farrant, The Croft, Beer, R.S.O., Devon (E) Mar. 1890 

Gordon, William James, c/o Messrs. Vickers, Sons & Maxim, 

Naval Construction Works, Barrow-in-Furness (E) Oct. 1887 

Gordon, William Leslie, Invermark, Broughty Ferry, N.B. ... (E) Aprill893 
Graham, James Thos., 252, Westmorland Roiwi, Newcastle-upon- 
Tyne (E) Nov. 1897 

Graham, Joseph S., Morro House, Syon Street, Tyneraouth ... (S) Feb, 1903 

Graham, William, West House, Tynemouth (S) Oct. 1891 

Graham, William, 30, Hill Street, Jarrow-on-Tyne (S) April 1893 

Graham, William, Rockcliffe, Redbrink Crescent, Barry Island, 

South Wales (E) Nov. 1894 

Gra veil, John, Bureau Veritas Register of Shipping, 155,Fcnchurch 

Street, London, E.C (N A SUR) Nov. 1884 

Gray, Tom Leonard, 18, Grainger Street West, Newcastle-upon- 
Tyne (E E) Feb. 1906 

Green, W. G., Churchill Street, Willington Qujiy-on-Tyne ... ^E; Nov. 1884 

Grimes, Thomas Benjamin, 39, Vespasian Avenue, South Shields... (E) Mar. 1890 
Gulston, A., Clayton Park Lodge, Jesmond, Newcastle-upon-Tyne (E) Dec. 1888 



XORTH-EAST COAST INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS. 





Xist of ascmbcvBf Huflust, 


1907. 




EXPLANATION. 




(A.) 


Agent and Accountant. (1. Ic S. M.) 


Iron and Steel Merchants 


(B. B.) 


Boiler Builder. 




and Manufacturers. 


(C. E.) 


Civil and Consulting En- 


(M.) 


Merchant. 




gineer. 


. (M. S.) 


Marine Superintendent. 


(E) 


Engineer and Boilermaker. 


(N. A.) 


Naval Architect. 


(E. A.) 


Engineering Agent. 


(R. M.) 


Rope Manufacturer. 


(E. E.) 


Electrical Engineer. 


(S.) 


Shipbuilder. 


(F. M.) 


Forge Master. 


(S. O.) 


Ship Owner. 


(F.) 


lion and Brass Founder. j (SUR.) 


Engineer & Ship Surveyor 


(D.) 


Draughtsman. (P) 


Pupil. 



HONORARY MEMBERS. 

ELBCTED. 

Sir W. H.White, K.C.B., LL.D., F.R.S., D.Sc, Cedarcroft, Putney 

Heath, London, S.W (N A) Nov. 1884 

The President of the Institution of Naval Architects (The Right 

Honourable the Earl of Glasgow, G.C.M.G., LL.D., Fairlie 

Craig, Fairlie, Ayrslii re) April 1902 

The Right Honourable Lord Armstrong, M.A., D.C.L., D.L., J. P., 

Cragside, Rotlibury Feb. 1904 

Sir Andrew Noble, Bart., K.C.B., F.R.S., Jesmond Dene House, 

Newcastle-upon-Tyne ... ... ... Mar. 1904 

The Principal of Armstrong College, Newcastle-upon-Tyne (Sir 

Isambard Owen, D.C.L., M.D.) Nov. 1906 

Sir Philip Watts, K.C.B., F.R.S., LL.D., D.Sc, The Ad- f Member Nov. 1^85 

miralty, Whitehall, London (N A)\ Hon. Mem. May 1907 



MEMBERS. 
A. 

Adams, Cecil T., c/o Messrs. The N.E. Marine Engineering | Graduate, 

Co., Sunderland Works, Sunderland (E) / Member, 

Adamson, Chas. P., c/o Mrs. Burt, 207, Kent Road, ( Graduate, 

Glasgow ... .. (E) 1 Member, 

A<lanis(>n, Daniel, c;o Messrs. Joseph Atlani.soTi & Co.. Hyde. /Graduate, 

Cheshire ... (E) I Member, 

Adamson, David, *• Balmcrcco," Lenchars, Fife, N.B. ... ... (E D) 

Adamson. Henry, Siipt. Eng., Adelaide S.S. Co., 6, Bridge Street. 

Sydney, n's.W (E) 



Oct. 1891 
Nov. 1897 
Nov. 1897 
April 1901 
Feb. 1888 
Oct. 1894 
Nov. 1905 

Oct. 1902 



XXI 

BLXGTBb. 

Henderson, Alex., 11, Rua Nova do Almada 1°, Ligbon (E) April 1893 

Henderson, A. M., Bennochy, Elm Grove, West Hartlepool ... (E) Nov. 1890 
Henderson, John, c/o Messrs. A. Henderson Sc Co., Mount Stuart 

Square, Canliff (E) June 1896 

Henry, William P., Cragside, St. Aidan's {load, South Shields ... (E) April 1897 
Henshall. Samuel, c/o Messrs. Sir Raylton Dixon & Co., J Graduate, May 1885 

Cleveland Dockyard, Middlesbrough (S) I Member, Jan. 1894 

Hepburn, Alfred, c/o Messrs. N.E. Marine Engineering Co., 

Northumberland Forge, Wallsend-on-Tyne (F M) Dec. 1890 

Hepburn, James 51., 17, Grosvenor Place, Newcastle-upon- r Graduate, Nov. 1895 

Tyne (E)! Member, Dec. 1901 

Heslop, Thomas, 6, Bldon Place, Newcastle-upon-Tyne (E) Dec. 1900 

Hewison, Herbert, 31, Ferndale Avenue, Wallsend-on-Tyne ... (S) Dec. 1900 
Higginl)otham. George Eraerton,c/o Messrs. John H. Holmes & Co., 

Portland Road. Newcastle-upon-Tyne (E) Nov. 1900 

Hildrey, A. J., 11, Newcastle Road, Sunderland (S) Nov. 1884 

Hinchliffc, Robert, 29, Lish Avenue, Whitiey Bay, North- (Graduate, Nov. 1893 

umberlaml (S)tMember, Oct. 1898 

Hobsou, J. W., 63, Bishop's Road, l^euvvell. Newcastle-on- J Graduate, Nov. 1903 

Tyne (E) t Member, Nov. 1907 

Hodge, Rowland F. W., c/o Messrs. The Northumberland Ship- 
buiMing Co., Limited, Northumberland Shipyard, Howdon- 

on-Tyne (S) Dec. 1890 

Hogarth, G.V (S) May 1900 

Hogg, Archibald, 80. Welbeck Road, Walker-on- Tyne (S) Jan. J897 

Hdk, Wilhelm, 10, Kariaplan. Stockholm, Sweden (S) Oct. 1886 

Uoilis, Henry E., 87, Union Street, GUi«gow (I Ic S M) Feb. 1858 

Holmes, John H., Wellburn, Jesmond Dene Road, Newcastle- 
upon-Tyne (E E) Jan. 1888 

If 1 c. u 1- i> 1 i> 1 r V ,_. I Graduate, Dec. 1901 

Holmes, fetepheu, li>, Park Road, Jarrow-on-lyne ... (E) ^ ^, , ^ ,,^. 

^ ^ ( Member, Oct. 190o 

Houston, John, 7 Thornhill Crescent, Sunderland (E) Nov. 1894 

Howie, Robert, Messrs. Lloyd's Register of Shipping, 28, Quest 

Quai, Kattendyk, Antwerp (SS) Oct. 1904 

Hucrhes, Thos. Charles, 8, Oxnam Crescent, Spital Tongues, f Graduate, Nov, 1893 

Newcastle-upon-Tyne (E)l Member, Nov. 1897 

Humphreys, George, Ashfield, Soithumberland Avenue, Forest 

Hall, Northumberiand (E) Jan. 1902 

Hunt. Allen E., 8, Dockwray Square, North Shields ... (SUR) Feb. 1901 

Hunter, George B., D.Sc, Messrs. Swan, Hunter & Wigham 

Richardson, Ltd., Wallsend-on-Tyne (S) Nov. 1884 

Hunter, George Ernest, c/o Messrs. Swan, Hunter & Wigham r Graduate, Feb. 1898 

Richanlson, Lt<l., Wallsend-on-Tyne (8)\ Member, Nov. 1899 

Hunter, Joseph Gilbert, Lloyds Register of Shipping, Bute 

Docks, Cardiff (SUR) Feb. 1900 

Hunter, J. W., 22, Argyle Square, Sunderland (E) May 1886 

Hunter, Summers, c/o Messrs. N.E. Marine Engineering Co., 

Northuml)crland Engine Works, Wallsend-on-Tyne (E) Nov. 1886 

Hutchinson, C. W., 214, Westmoreland RojmI, Newcastle-on-Tyne (E) Nov. 1884 

Hutchison, J., Board of Tra<le Offices, North Shields (SUR) Dec. 1891 

Hyslop, Alfre<I M., c/o Messrs. Boothroyd, Hyslop & Co., Akensi<le 

Street, Bootle, Liverpool (E) Mar. 1900 



xxu 

I. 

SLKGTED. 

Inglis, John, c/o Messrs. Hawthorn & Co., Leith (S) April 1887 

Inglis, John, LL.D., Pointhouse Shipyard, Glasgow ... (E Ic S) Oct. 1886 

Ingram, Herbert P (NA) Dec. 1906 

Ireland, J. H. H., Eng. Com. R.N., H. M. Yacht, " Alexandra," 

Portsmouth ^ (E) Dec. 1906 

Irvin, Matthew B., Jesmond Cottage, Mustapha Pasha Ramleh, 

Alexandria, Egypt (E) Oct. 1900 

Irwin, J. H., The Gables, Ashbrook Range, Sunderland (E) Nov. 1884 

Isherwood, Joseph William, Roman Road, Linthorpe, Middles- 
brough (S) May 1908 

Ito, Kumezo, Mitsu Bishi Dockyard and Engine Works, Nagasaki, 

Japan (E) Dec. 1900 

J. 

Jack, Joseph, 14, Coquet Terrace, Heaton, Newcastle-upon- 
Tyne (SUP E) Dec. 1906 

Jack, William C, Victoria Buildings, 5, Queen's Road Central, 

Hongkong, China (E) Nov. 1894 

Jackson, William S., Messrs. Gourlay Bros. & Co., Camperdown 

Shipyard, Dundee, N.B (S) April 1891 

James, M. C, 39, Beverley Terrace, CuUercoats, Northumberland (S) Nov. 1884 
James, Matthew C, Jun., 62, Blagdon Avenue, Westoe, J Graduate, May 1899 

South Shields (E E) I Member, Mar. 1906 

Jarvls, Harry Robert, 12, Burnfoot Terrace, Whitley Bay, 

Northumberland (S) Feb. 1901 

Jarvis, Horace William, West Dyke, Coatham, Redcar (E) May 1902 

Job, Norris H., 79, Station Road, Norton, Stockton-on-Tees ...(C E) Nov. 1905 

Jobling, W. J., 1, Akenside Hill, Newcastle-upon-Tyne ... (E $j S O) Nov. 1884 
Johnson, Alexander A., 5, Quayside, Newcastle-upon-Tyne ... (E) Feb. 1893 

Johnson, Alfreii, Victoria Buildings, Stockton-on-Tees (C E) Nov. 1907 

Johnson, Charles, 118, Biddlestone Road, Heaton, Newcastle- 
upon-Tyne (E) Nov. 1907 

Johnson, Johan, 16, Magasinsgatan, Gothenburg, Sweden ... (S) May 1885 

Johnson, Joseph, Messrs. Cammell, Laird Sc Co., Ltd., 28a & 29, 

CoUingwood Buildings, Newcastle-upon-Tynn (E) May 1901 

Johnson, T. Allan, Clive Hall, Canton, Cardiff (S) Nov. 1884 

Johnston, J. M'Fetridge (S) / ^^^^^^^te, Nov. 1903 

^ . ^ ^ I Member, Oct. 1904 

Jones, Arthur P., Lloyd's Register of Shipping, 16, Rue Beauvau, 

Marseilles (E) April 1903 

Jones, Edmund V., 139, Normount Road, Benwell Grove, New- 

castle-on-Tyne (S) Jan. 1907 

Jones, George, c/o Messrs. Sir W. Gray & Co., Shipyard, West 

Hartlepool (S) Oct. 1888 



Kapadia, Framjee Dorabjee, Khetmadi 10th Lane, Arab 
Motimwalla's Bungalow, Girgaunr-post. Bombay, British 
India (E) Feb. 1903 

Kemp, Herbert J., 1, Theobald Road. Cardiff (E) Nov. 1904 



XXlll 

KLBOTBD. 

Kendall, Stonard 0., Lloyd's Register of Shipping, 97 and 98, 
Scottish Provident Institution Buildings, Donegal Square 
West, Belfast (SUR) Mar. 1891 

Kennedy, Robert Sinclair, Glengall Ironworks Millwall, London, 

E (E) Dec. 1905 

Kennedy, William, 14, Gladstone Street, Hartlepool (E) April 1900 

Kerfoot, James, Messrs. The Antwerp Engineering Co., Rue des 

Indes, Antwerp (E) Oct. 1892 

Kerr, Robert, Bank Chambers, Mosley Street, Newcastle-upon- 
Tyne (E) Oct. 1902 

King, John, Surveyors Office, Board of Trade, Liver- ( Graduate, Dec. 1890 
pool (S) I Member. Oct. 1892 

Kirkaldy, John, 21, Ground Floor, Leadenhall House, 101, 

Leadenhall Street, London, E.C (E) Nov. 1885 

Kitching, J. F., 36, Lime Street, London, E.C (E) Nov. 1890 

Knight, R. C, 19, Highbury, West Jesmond, Newcastle-on- /-Graduate, Nov. 1901 
Tyne (8) "[Member Nov. 1907 

Knox, Robert, 14, West Avenue, Gosforth, Newcastle-upon-Tyne (NA) Dec. 1903 

Kyle, Norman M. W., Norwood, West Avenue, Gosforth, New- 
castle-upon-Tyne (E) Nov. 1898 

L. 
Laing, Andrew, c/o Messrs. Wallsend Slipway and Engineering 

Co., Wallsend-on-Tyne (E) Oct. 1892 

Laing, Hugh, Deptford Shipyard, Sunderland • (N A) April 1897 

Landreth, Cowen, Northumberland Avenue, Forest Hall, 

Northumberland (E) Mar. 1896 

Latta, James G., 77, Billiter Buildings, Billiter Street, London, 

E.C (CE) Mar. 1902 

Laws, B. C, Messrs. Lloyd's Register of Shipping, Collingwood 

Buildings, Newcastle-upon-Tyne (NA) Nov. 1903 

Lax, George A., 141, High Park Road, Newcastle-upon-Tyne ... (S) Jan. 1907 
Leitch, John S., c/o Messrs. Workman, Clarke & Co., Ltd., | Graduate, Mar. 1903 

Belfast Shipyard, Belfast (S D) ) Member, Jan. 1906 

Levick. Charles E., Clarence Street Works, Sheffield (S M) April 1907 

Lewins, Frank, Rosehill, Willington-on-Tyne (E) Dec. 1895 

Lindfors, Hugo, Surveyor to Lloyd's Register of Shipping, 16 

Alexandersgatan, Helsingfors, Finland (SUR) May 1889 

Lineham, Wilfrid J., Jesmond, 21, Newstead Road, Lee, London, 

S.E (E) Oct. 1890 

Dec. 1892 



May 1900. 



{Grrad ii at p 
Member, 

Littleboy, Chas. Wm., South Stockton Iron Shipyard, Stockton- 
on-Tees ^'^^ 1887 

Littledalc, John W. E., c/o Great Western Railway, Park 
Generating Station. Park Royal, Willesden, London. 

Livingston, Thos. L., Bowerhope, Hill Street, Jarrow ' 

Lohmeyer, H. G. C, 53, Crown Street, Newcastle-i 

Long, A. E., lerne, Bede Burn Road, Jarrow-on-T' 

Lonnon, W., Eng.-Com., R.N., 93, London Road, 

Lopez, Jose S., 71, Osborne Avenue, Jesmond, 
Tyne 
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CLXCTBD. 

Loveridge, Wm. Henry, 8, Grantully Terrace, West Hartlepool ... (E) Feb. 1901 
Lowes, J. Alfred, 35, West Sunniside, Sunderland (E) Dec. 1903 

T 1- tr ft/i 1.^ J 1 A «r 11 1 rr. xi-N ) Graduate, Nov. 1899 

Luhrs, H., 29, Ferndale Avenue, Wallsend-on-Tyne (E) » .. , _ 

' J \ J I Member. Oct. 1904 

Ludgate, William G., Eng.-Com., R.N., 49, Holly Avenue, New- 
castle-upon-Tyne (E) Jan. 1907 

Lumley, Gascoigne, '* Lagos," Southern Nigeria (E) Nov. 1901 

Lund, Pearson, Messrs. Noble Sc Lund, Northern Machine Tool 

Works, Felling-on-Tyne (E) Nov. 1900 

Lyon, William J., 10, Lynnewood Place, Maryfield, Dundee. N.B. (E) Nov. 1905 



M. 

MacColl, Hector, Kirkliston Drive, Bloomfield, Belfast (E) Dec. 1890 

MacColl, Hugo, Wreath Quay Engineering Works, Sunderland 

(Life Member) (E) Nov. 1896 

Macdonald, Charles, 4, St. Nicholas' Buildings, Newcastle-upon- 
Tyne • (SUR) Feb. 1808 

Mac Donald, David R., c/o Messrs. Sir W. G. Armstrong, Whit- 
worth & Co., Ltd., Walker Shipyard. Newcastle-upon-Tyne (S) Nov. 1891 
Mace, W., 2, Kew Gardens, Monkseaton, Northumljcrland ... (E) Jan. 1886 

Macd()nal<l, J. F., 5, Park Avenue, Roker, Sunderland (SUR) Jan. 1907 

Macdonald, Thomas, 5, York Street, Glasgow (E) Jan. 1906 

Macfarlane, Archibald P., 25, Kells Gardens, Low Fell, Gateshead- 

upon-Tyne (E) Mar. 1902 

MacHaffie, John, 6.S5, Terrace Place, Schenectady, New York. U.S.A. 

(^Lifc Member) (E) Dec. 1885 

Mackay, William, 15, Haldane Street, Whiteinch. near Glasirow (S) Mar. 1892 

Mackley, E<lvvard N.. 55, Winprove Road. Newcastle-upon-Tyne (E) April 1901 
Mackley, J. R., 55, Wingrove Road, Newcastle-upon-Tyne | Graduate. Dec. 1902 

(E) ) Member. Oct. 1904 
Macleod, M., Messrs. Lloyd's Register of Shipping, Collingwood 

Buildings, Newcastle-upon-Tyne (S SUR) Mar. 1907 

Mail lard, James, 307, Beaconsficld Street, Newcastle-upon-Tyne (E D) Nov. 1905 
Male, Franeia John, B.Sc, 9, Abbey Terrace, Gateshcad-on-Tyne (E) Nov. 1902 
Manaira, Giuseppe, c/o Messrs. The Cantiere Navale di Muggiano. 

Spezia, lUily (E 5t N A) Nov. 1893 

Marr, James, c/o Messrs. J. L. Thompson & Sons, North Sands 

Sliipyard, Sunderland (S) Nov. 1884 

Marr. J. Lynn. Parkside. Roker, Sunderland ... (E E) Jan. 1908 

Marshall, R. J., 5!^. Larkspur Terrace, Josmond, Newcastle-upon- 
Tyne (E) Mar. 1887 

Marshall. Robert. Board of Trade Surveyor's OHice. West Hartle- 
pool (SUR) Mar. 1901 

Mason, George F., Lloyds' Bank Buildings, Mount Stuart Square, 

C'arditf (E) Oct. 1895 

Massey, L. F.. M.I.M.E., Messrs. B. &, S. Massey, Openshaw, Man- 
chester (E) Mar. 1907 

.Mather. Ciiarles. 60, St. George's Terrace, Newcastle-upon-Tyne (SUR) Oct. 1888 
Mather, Thomas Brewer. Denholme, Osborne Gardens, Monkseaton. 

Northumberland (C E) Nov. 1893 
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KLBCTKD. 

Matheson, William, c/o Messrs. R. & W. Hawthorn, Leslie & Co., 

Hebburn-on-Tyne (S) Dec. 1889 

Mat hieson, Donald, 28, Belle Vue Park, Sunderland (E) Nov. 1898 

Matthews, Jas., c/o Messrs. R. & W. Hawthorn, Leslie & Co., Forth 

Banks, Newcastle-upon-Tyne (E) Oct. 1886 

Maxwell, William Ward, B.Sc, Messrs. H. Charlton & Co., 

Engineers, Gateshead-on-Tyce (E) Dec. 1896 

McArthur, Duncan, Maritime Buildings, St. Thomas Street, Sun- 
derland (E SUR) Dec. 1906 

McBride, William, Hartburn, Cleveland Road, Hartlepool ... (E) Dec. 1894 

McClintock, E. E., 73, Cleveland Road, North Shields (E) Nov. 1903 

McCouU, Cecil, 4, Leazes Park Roatl, Newcastle-upon- /Graduate, Oct. 1895 

Tyne (EE) t Member, Dec. 1901 

McCullock, T. M., c/o Mrs. Kelly, 146, Hendon Road, Sunderland (S) Feb. 1905 
McFarlane, John T., Craigmore, Cargil Terrace, Trinity, Leith, 

N.B (8) Nov. 1905 

McGlashan, Arch., Beechcroft, Clifton Avenue, West Hartlepool (S) Nov. 1885 

Mcllvenna, J. G., West Chirton Hall, North Shields (S) Nov. 1884 

McKechnie, James, Messrs. Yickers, Sons & Maxim, Naval Con- 
struction Works, Barrow-in-Furness ; (E) April 1896 

McKenna, Francis, c/o Messrs. E. F. Wailes k Co., 4, St. jGraduate, Dec. 1890 
Nicholas' Buildings, Newcastle-upon-Tyne ... (E) (.Member, Dec. 1896 
McEenzie, James, 11, Holm wood Grove, West Jesmond, New- 
castle-upon-Tyne (E) Nov. 1907 

McLaren, Robert M., Lloyd's Register of Shipping, 342, Argyle 

Street, Glasgow (S) Nov. 1893 

McLean, John H. K., Abey House, Plotina Terrace, South Shields (S) Mar. 1897 
McLellan, William, c/o Messrs. Merz Si McLellan, Collingwood 

Buildings, Newcastle-upon-Tyne (CE) Feb. 1903 

McNab, Andrew P. W., Lloyd's Register of Shipping, 71, Fenchurch 

Street, London, E.C (SUR) May 1903 

McNeil, Thomas Young, Ship Drawing Office, Messrs. John Brown 

t Co., Clydebank, Glasgow (S) Oct. 1896 

McEae, Alex., 91, Rothbury Terrace, Heaton, Newcastle- r Graduate, Mar. 1903 

upon-Tyne (S)\ Member, Oct. 1906 

Meagher, H. L., 86, Park Road, Newcastle-upon-Tyne (E) Dec. 1896 

Mechan, Henry, Scotstoun Ironworks, Scotstoun, Glasgow ... (E) May 1898 

Meikle, A. F. T., 5, Caledonian Mansions, Glasgow (E) Oct. 1904 

Meldrom, Harrison, 84, Aldborough Road, Seven Kings, Essex (SUP E) Oct. 1906 

Meldrum, Michael, 2, Ashbrook Crescent, Sunderland (E) Dec. 1893 

Mellanby, Alex. Lawson, D.Sc, The Glasgow and West (Graduate, Dec. 1894 

of Scotland Technical College, Glasgow ... (E) (Member, Oct. 1896 

Melville, James, Messrs. The Jute Factory Co., Ltd., /Graduate, Feb. 1900 

Samnuggur, Calcutta I Member, Jan. 1902 

Melvin, Robert, 17, Roker Baths Road, Sunderland (E) April 1908 

Merz, Charles H., Messrs. Merz & McLellan, 28, Victoria Street, 

Westminster, London, 8. W. (CE) Feb. 1903 

Metcalf, Thoe., 18, John Street, Sunderland ... (S) \ Graduate, May 1885 

^ ^ I Member, Nov. 1893 

Metcalfe, C. S., 3, Argyle Street, Sunderland (E) Nov. 1884 

Meuwissen, J., Engineer, Charge de Cours h rUiiiversitd de Gand, 

29, Eoe des foulons, Ghent, Belgium (E) Nov. 1899 

vol* XXIV.- 19Qe. » 
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ELKOTKD. 

Middlemass, Thomas, Inglefield, Eaglescliflfe, R.S.O (S) Oct. 1889 

Middleton, H., 20, Lynnwood Avenue, Newcastle-upon-Tyne (I Ic S M) Jan. 1893 
Middleton, R A., 20, The Grove, Benton, near Newcastle-upon- 
Tyne * ... (N A) Oct. 1892 

Millar, Thos., 81, St. Vincent Street, Glasgow (S) Nov. 1884 

Mills, Giles, Salisbury Chambers, Fish Docks, Grimsby (E) Mar. 1906 

Milne, Geo. M., 9, James Place, Broughty Ferry, Scotland ( Graduate, Feb. 1898 

(S) ) Member, Nov. 1903 
Milne, J. J., Anthracit Werke, Gusta Schulze, Gm. C. H. Stein- 
warder, Hamburg (SUP E) Jan. 1908 

Milne, W. J., 18, Kirton Park Terrace, North Shields ... (SUP E) Nov. 1907 

Mills, William, Northwood, Roker, Sunderland (E) Dec. 1906 

Milne, James, Messrs. Hawthorn, Leslie & Co., Hebburn-on-Tyne (E) Nov. 1904 
Milton, James Edward, Messrs. Lloyd's Register of Shipping, 71, 

Fenchurch Street, London, E.C (SUR) Nov. 1900 

Milton, J. T., Lloyd's Register of Shipping, 71, Fenchurch Street, 

London, E.C (E SUR) Nov. 1886 

Mitchell, Ewen H., EL<wick Shipyard, Newcastle-upon-Tyne ... (S) Jan. 1907 
Mitchell, Wm., 61, Nelson Street, Willington Quay-on-Tyne j Graduate, Jan. 1898 

(S)l Member, Feb. 1901 
Moffatt, William Graham, 6, Nortliland Drive, Scotstoun, Glasgow (E) Mar. 1899 
Moffitt, George, c/o Messrs. The Blyth Shipbuilding Co., Blyth ... (S) Oct. 1888 
Moncrie^, John M., Consett Chambers, Pilgrim Street, Newcastle- 
upon-Tyne (C E) Dec. 1899 

Moody, Thomas V., c/o Messrs. Scott Bros., 46, Sandhill, New- 
castle-upon-Tyne (E) Dec. 1887 

Morgan, John Osborn, Bank Chambers, Sandhill, Newcastle-upon- 
Tyne (CE) Feb. 1901 

Morgan, W. H., 8, Hawthorn Grove, Wallsend-on-Tync (E) Nov. 1884 

Morison. D. B., Hartlepool Engine Works, Hartlepool (E) Feb. 1886 

Mork, Peter, Osterbrogade 56d, Copenhagen (E) Nov. 1884 

Moilcy, John W.. Consett Chambers, Pilgrim Street, Newcastle- 
upon-Tyne (E) Jan. 1907 

Moroney, E. F.. Board of Trade, Surveyor's Office, Liver- r Graduate, Feb. 1892 

pool (E) 1 Member, Nov. 1899 

Morris, Arthur, Elswick Shipyard, Newcastle-upon-Tyne (NA) Jan. 1907 

Morrison, William, Lloyd's Register of Shipping, Maritime 

Buildings, Dundee (E SUR) Oct. 1890 

Morrow, John, Armstrong College, Newcastle-upon-Tyne ... (E) April 1908 

Morton, John, 13, Hillside, Tunstall Road, Sunderland (E) Nov. 1902 

Morton, Richard Fraser, Lloyd's Register of Shipping, Orchanl 

Chambers, Church Street, Sheffield (E SUR) Oct. 1890 

Morvig, Georg B., 34, Azalea Terrace South, Sunderland ... (SUR) May 1908 

Moss, William, 14, Leazes Terrace. Newcastle-upon- J Graduate, Jan. 1898 

Tyne (E) I Member, Dec. 1901 

.- , , ,, . TT oi c. All ' T> 1 c' ._. rGraduate, Feb. 1892 

Mould, Francis H.. 34, St Alban s Road, .Swansea (E)^ ,, , ' 

(Member, Jan. 1897 

Mountain, William Chas., The Hermitage. Gateshead-on-Tyne (E E) Feb. 1889 

Mudd, Percival Arthur, c/o Messrs. P. A. Mudd & Co., \ Graduate, Oct. 1900 

Engineers, o"), Church Street, West Hartlepool (E) ' Member Oct, 1902 
Muir, Alfred Edwanl, Messrs. J. L. Thompson & Sons, North Sands 

Shipyard, Sunderland (S) Mar. 1893 
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ELECTED. 

Mnir, John, 7, Ilford Boad, High West Jesmond, Newcastle-upon- 
Tyne (E) May, 1906 

Muir, Robert, 11, Clarence Crescent, Whitley Bay, Northum- 
berland (SUR) Oct. 1886 

Muir, Robert Home, 41, Percy Park, Tynemouth (S) Oct. 1892 

Mulherion, G. F., Collingwood House, Tynemouth (S) Nov. 1884 

Munck, Ove. Holger, c/o Messrs. Burmeister & Wain, Shipbuilders, 

Copenhagen, Denmark (S) Feb. 1899 

Murdock, Thomas Plunkett, 2, Park Avenue, Dunoon, N.B. ... (E) Jan. 1904 
Murray, Athole J., Hussendean, Holywell Avenue, Monkseaton, 

Northumberland (S D) Nov. 1905 

Murray, Charles W., c/o Messrs. Babcock & Wilcox, Ltd., Oriel 

House, 30, Farringdon Street, London, E.C (E) May 1901 

Murray, David, 59, Warkworth Avenue, Whitley Bay, Northum- 
berland (E) Nov. 1903 

Murray, George Harper, 47, Murray Terrace, Aberdeen (S D) May, 1906 

Murray, William I., Eng. Lieut., R.N., H.M.S. " Ure," Second 

Destroyer Flotilla, Aberdeen (E) Jan. 1905 

Myles, David, c/o Messrs. N.B. Marine Engineering Co., Northum- 
berland Engine Works, Wallsend-on-Tyne (E) Nov. 1884 



N. 

Kastoupil, John, Chief Engineer, Austro- Hungarian Navy, Marine 

Casino, Pola, Austria (E) Nov. 1890 

Neill, William Reid, 6, Azalea Avenue, Sunderland (E) Dec. 1897 

Nelson, George, 13, Mosley Street, Newcastle-ui^n-Tyne (E) | ' n IQOI 

Nevins, William, Hazel Rrae, 18, Bradford Road. Shipley, Yorkshire (E) Mar. 1894 

Nevison, Thomas C, 18 Milton Road, West Hartlepool (E) April 1900 

^.. , , « ,T «« X. , « « ,1 n. /-.. r Graduate, Oct. 1900 

Nichols, G. H., 30, Denmark Street, Gateshead-on-Tyne (E) i \iemVjer Oct 1906 

NicbolU, H. E., 25, Churchill Street, Sunderland (E) Nov. 1893 

Nichols, Walter W., 19, Telford Street, Gateshead (E) May 1895 

Nicholson, John 8., North View, Mowbray Road, Westoe, South 

Shields (E) Nov. 1893 

Nicholson, P. F., (8) Feb. 1901 

NicoL John M., 16, Linskill Terrace, North Shields (E) Nov. 1884 

Nicol«.n. Q. C. 8, York Terrace. GiUiugham, Kent (E){ J^X'' olt llll 

Nixon, John R , c/o Messrs. Blyth Shipbuilding Co., Ltd., j Graduate, Feb. 1898 

Blyth (S) I Member, Oct. 1902 

Noble, Harry, Northern Machine Tool Works, Brewery I^ane, 

FelUng-on-Tyne (E) Nov. 1888 

Norman, W. S., White House, Whitby, near Chester (E) Nov. 1884 

Norton, Harold P., Bureau of Steam Engineering, Navy Depart- 
ment, Washington, U.S. A (E) Oct. 1890 

Noton, F. B., Lloyd's Register of Shipping, 55, Fawcett Street, 

Sunderland (S) Nov. 1884 

Nanes, Knriqae E., 4451 Calle Charcas, Buenos Ayres (E) April 1891 

Mylen, Otto, Bepslagaregatan, 9", Stockholm, Sweden (E S) Oct. 1904 
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Ogilvie, William, c/o Newcastle Corporation Tramwaya, i Graduate, Oct. 1902 
Newcastle-upon-Tyne ... (E E) \ Member, Nov. 1905 

Olsen, Hans B.,jun., Victoria Road, West Hartlepool (E) | ^ ' ^' .^ 

O'Neill, J. J., 2, Erith Terrace, Sunderland (E) Nov. 1884 

Ord, Godfrey C./The Esplanade, Sunderland XE E) Jan. 1897 

Orde, E. L., c/o Messrs. Sir W. G. Armstrong, Whitworth & Co., 

Ltd., Walker Shipyard, Newcastle-upon-Tyne (E) Oct. 1887 

Orlando, Chev. Giuseppe, Cantiere Navale, Fratelli Orlando, 

Leghorn (N A) Jan. 1893 

Ormonde, John Grey, 36, Percy Gardens, Tynemouth (E) Nov. 1897 

Oxley, G., 61, Norman Terrace, Howdon-on-Tyne (S) Nov. 1884 

Oxton, Walter, Red House, Wivenhoe Cross, Colchester (E) i ,, , *,,,««. 
' * ' ' ^ ' I Member, May 1894 



Page, F. J., Kng.-Lieut., R.N., Water Works, Gateshead (E) Dec. 1903 

Parker, James H., 1, Cliff Gardens, Frodingbam, near Doncaster (E) April 1900 
Parsons, The Hon. Charles A., C.B., M.A., F.R.S., Turbinia Works, 

Wallsend-on-Tyne (E E) Dec. 1887 

Patterson, Jas., c/o Messrs. Caldwell & Co., Limited, Elliot Street, 

Glasgow (E) Nov. 1884 

Patterson, Robert O., Thorneyholme House, Wylam-on- r Graduate, Jan. 1895 

Tyne (E)\Member, Dec, 1901 

Pattison, Jos., Bute Docks, Cardiff (E) Nov. 1884 

Paulin, William J., 27, Cheltenham Terrace, Heaton, Newcastle- 
upon-Tyne (E) April 1897 

Paxton, John F., 52, Walker Terrace North, Gateshead (E) May, 1899 

Pease, J. C. S., Board of Trade Offices, Falmouth (E S) Oct. 1904 

Penney, R. H., Board of Trade Offices, 79, Mark Lane, Loudon, 

B.C. (S SUR) Nov. 1884 

Pepper, W., Sunnyside, Stockton-on-Tees (E) Nov. 1888 

Perrett, Jos. Richard, c/o Messrs. Sir W. G. Armstrong, Whitworth 

& Co., Ltd., Elswick Shipyard, Newcastle-upon-Tyne ... (N A) Nov. 1896 
Pescod, Joseph Hind, 18, Bede Burn Road, Jarrow-ou- r Graduate, Feb. 1898 

Tyne (S) 1 Member, Jan. 1900 

Petree, James, Lloyd's Register of Shipping, 12, Oriel Chambers, 

Water Street, Liverpool (N A SUR) Oct. 1885 

Petterson, Carl Edwin, 16, Magasinsgatau, Gothenburg, Sweden (E) Oct. 1891 

Phillips, Alex., 15, Park Ayenue, Wallsend-on-Tyne... (S) { ^^^^^J^' l^, JS 

Phillips, Joseph, 16, Park Avenue, Wallsend-on-Tyne (S) Dec. 1902 

Phorson, P., Glen Lea, Roker, Sunderland , (S) Nov. 1884 

Pierce. Robert Cecil, Creelieet, Cumberland Gate, Kew, j Graduate Dec. 1898 

Surrey (EE)t Member Dec. 1899 

Pilling, Joseph H., 31, Roker Park Road, Roker, Sunderland ... (E D) Nov. 1905 
Pinkney, Edmund W. R., 66, Fern Avenue, Newcastle-upon-Tyne (E) Dec. 1904 
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Posgate, James S., Super. Engineer, Messrs. Texas Portland J Graduate, Nov. 1895 

Cement Co., Dallas, Texas, U.S.A (E)t Member, Dec. 1901 

Powell, James Richard, Royal Stuart Buildings, Cardiff (C E) May 1894 

Prest, G. S., 29, Eldon Street, Newcastle-upon-Tyne (E) Nov. 1907 

Pringle, Alfred, 10, Airey Terrace. Walker-on-Tyne (S) | ^^'a^^^^te, Dec. 1891 
■^ ^ ^ ^ ( Member, Jan. 1894 

Pringle, James G., 10, Airey Terrace, Walker-on-Tyne (S) Oct. 1892 

Pringle. Robert A., 16, Second Avenue, Heaton, Newcastle- r Graduate, Nov. 1901 

upon-Tyne (EE) [ Member, Dec. 1906 

Punlon, Andrew S., Messrs. Irvine's Shipbuilding and Dry Docks 

Co., Limited, West Hartlepool (S) Oct. 1892 

Purvis, Fred. W., c/o Messrs. Sir W. Gray & Co., Central Shipyard, 

West Hartlepool (S) April 1893 

Putnam, T., Darlington Forge, Darlington (FM) Nov. 1884 

Q. 
Quicke, Herbert John, c/o Messrs. Harfield & Co., Blaydon Iron- 
works, Blaydon-on-Tyne (E) Feb. 1891 

R. 
Ramage, J. T., St. Aubyn*s, Kinneir Road, Inverleith, Edinburgh (E) April 1887 
Kamage, John Anderson, Getsdale, Harton, South Shields ... (S) Oct. 1892 

Ranken, David, 8, Brookside Terrace, Sunderland (E) Nov. 1900 

Rappaport, Fred. G., The Baku Russian Petroleum Co., / Graduate, Mar. 1894 

Ltd., Balakhani, South Russia (E) I Member, Jan. 1902 

Rea, Harry Ernest, " Gowanbrae," Windsor Crescent, Whitley Bay, 

Northumberland (S) Dec. 1904 

Readhead, Jas., Westoe Hall, South Shields (S) Nov. 1884 

Readhead, John, Rockcliffe, Westoe, South Shields (E) Mar. 1886 

Readhead, R., South Garth, Westoe Village, South Shields ... (E) Nov. 1884 

Readhead, Stanley, 6, Logan Terrace, South Shields (8) { ^i^j^^er ^^; Jg^g 

Readhead, W. B., Beach View, South Shields (S) Nov. 1886 

Redpath, David, 69, Claremont Road, Seaforth, Liverpool ... (E) Nov. 1901 

Reed, J. W., c/o Messrs. Palmer's Shipbuilding and Iron Co., 

Limited, Engine Works Department, Jarrow-on-Tyne ... (E) Nov. 1884 
Reilly, Myles O^Hara, c/o Messrs. Antwerp Shipbuilding Co., Ltd., 

Hoboken-lez-Anvers, Belgium (8) Oct. 1902 

Rennoldson, Jos. M., Fairfield, Westoe, South Shields (S) Feb. 1886 

Renton, James, Engineer's Department, Trinity House, Tower 

Hill, London, E.C (E) Jan. 1904 

Reynolds, Charles H., 155, Fenchurch Street, London, E.C. ... (S) Mar. 1889 

Richardson, Jas. Wm., " Beaufront," Brough, B. Yorks. ... (E It S) Nov. 1903 

RichaTdson, John Lyth, The Avenue, Bishop Lane, Hull ... • (E) Nov. 1901 

Riley, J. H., Messrs. Riley Bros., Stockton-on-Tees (B B) May 1893 

Riley, John, Grangetield House, Oxbridge Lane, Stockton-on-Tees (B M) Oct. 1902 
Riseley, Harry Lorimer, Western Villa, Wallscnd-on-Tync ... (E) Nov. 1900 

Bit«on, Cuthbert, 5, Middleton Street East, Waterloo, Blyth ... (8) Nov. 1907 
Ritson, Maurice, Lloyd's Register of Shipping, Piazza S. Giorgio, 

32, Genoa (E SUR) Nov. 1884 

Rit«on. 8. M., 3, Rectory Terrace, Sunderland ... (E) [ ^^^^a^e, Nov. 1887 

•^ ^ I Member, Nov. 1893 
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Skentelbery, Joseph W., ''Southend," Riftswood Mill Road, 

Saltburn by the Sea (E) Dec. 1900 

Skentelbery, G. Arthur, 19, Sandringham Terrace, Benton, 

Newcastle-upon-Tyne (S) Oct. 1902 

(Graduate, Dec. 1886 
Skinner, Leslie, Westoe, South Shields (S)-j vr u q *. iqqi 

Slee. Herbert T., " Underwood," Beaconsfield Road, Gosforth, J Graduate, Jan. 1903 

Newcastle-upon-Tyne (E) I Member, Nov. 1907 

Smith, C. E., Cowesby, Clifton Avenue, West Hartlepool ... (E) Nov. 1888 

Smith, Chas. R., c/o Messrs. Barclay, Curie & Co., Ltd., Glasgow (E) Nov. 1903 
Smith, E. J., Brandon House, Haughton-le-Skerne, Darlington ... (E) Dec. 1900 
Smith, L. Eustace, Rose worth Cottage, Moor Road, Gosforth, f Graduate, Oct. 1889 

Newcastle-upon-Tyne (E) 1 Member, Oct. 1892 

Smith, J. E., 15, Eslington Terrace, Newcastle-upon-Tyne /Graduate, Nov. 1897 

(E)t Member, Oct. 1906 
Smith, Thomas, Steam Crane Works, Old Foundry, Rodley, near Leeds (E) Oct. 1888 
Smith, Thomas Edward, Messrs. John Smith &; Sons, Newgate 

Street, Newcastle-upon-Tyne (E) April 1886 

Smith, Wm., 162, Roker Avenue, Sunderland, M (E) Nov. 1884 

Smith, Wm. Stawart, West Villa, The Green, Wallsend-on- j Graduate, Nov. 1893 

Tyne (S) I Member. Dec. 1897 

Snell, John F. C, M.I.C.E., Caxton House, Westminster, London, 

S.W (EE) Mar. 1902 

Soliani, Nabor, Col., Messrs. G. Ansaldo, Armstring & Co., Sestri- 

Ponente, Italy (S) Jan. 1885 

Spence, W. G., c/o Messrs. Swan, Hunter & Wigham Richardson, 

Ltd., Neptune Works, Walker-on-Tyne {Life Member) ... (E) Nov. 1884 
Spencer, J. W., Newburn Steel Works, Ncwburn-on-Tyno ... (E) Feb. 1886 

Squire, Charles E., c/o Messrs. Underground Electric Railway J Graduate, Nov. 1893 

Co.ofLondon,L<l.,Earls Court Station, London, S.W. (EE)\Member, Oct. 1898 
Staig, William Andrew, 296, Comlercura Road, Benwell, New- 
castle upon-Tyne (E) Feb. 1897 

Stanger-Leathes, C. F., 49, Heaton Road, Newcastle-upon- / Graduate, Oct. 1903 

Tyne (S) \ Member, Dec. 1906 

Stanley, John T., 6, Belmont Gardens, West Hartlepool (E) Oct. 1898 

Stephen, A. E., Linthouse, Govan. Glas^'ow (E It S) June, 1896 

Stephens, H. C. J., 3, Lodge Place, St. John's Wood, J Graduate, Oct. 1890 

London, N.W (E) t Member, *Nov. 1897 

Sterry, Frank W. (E) Jan. 1907 

Stevenson, Wm., 10, Neville Street, Newcastle-upon-Tyne ... (E) Nov. 1884 

Stewart, James, Proctor House, Newcastle-upon-Tyne (E) Oct. 1890 

Sterling, J. F (F M) Oct. 1902 

Stoddart, A. Lane, York House, Pelaw-on-Tyne ., (S) Nov. 1898 

Stoddart, J. E.. Lloyd's Rcj^'isterof Shipping, 71, Fenchurch Street, 

London, E.C (E SUR) Oct. 1888 

Stokoe, M. B., 12, The Oaks, Sunderland (S) -^ ,, . ^, ,««« 

' ' \ Member, Oct. 1906 

Stoney. Gerald, c/o Messrs. C. A. I'arsons ik Co., Turbinia Works, 

Heaton, Newcastle-upon-Tyne (E) May 1902 

Stuart, John, 135, Heaton Park Road. Newcastle-upon-Tyne /Graduate, Dec. 1896 

(E) I Member, Nov. 1901 
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Sandeman, John Watt, 1, St. Nicholas' Buildings, Newcastle-upon- 
Tyne (E) Oct. 1891 

Sawyer, John, c/o Messrs. Thos. Wilson, Sons, & Co., Hull ... (E) Oct. 1886 

Sayer, Henry, Montrose Avenue, Toronto, Canada (F M) Feb. 1906 

Schofield, Charles, A, Milbnrn House, Newcastle-upon-Tyne 

Scope, Robert, 48, Bewick Road, Gateshead-on-Tyne (E) Oct. 1904 

Scott, Ernest, Sun Buildings, Collingwood Street, Newcastle- 
upon-Tyne (E E) Nov. 1884 

Scott, George, Drawing Office, Messrs. Denny & Co., Dum- J Graduate, Jan. 1900 

barton (E) ( Member, May 1901 

Scott, Henry G (E) Jan. 1907 

Scott, James, Selby Lodge, Consett, Co. Durham (E) Oct. 1892 

^ f Graduate, Dec. 1891 
Scott, Joseph, 49, Leazes Terrace, Newcastle-upon-Tyne (E)) Member Oct 1898 

Scott, Joseph R., E, Milburn House, Newcastle-upon-Tyne ;.. (E) Oct. 1887 
Scott, Walter, Ivydene, Ailesbury Park, Merrion, co. Dublin ... (NA) Mar. 1897 
Scott, William, 18, Worcester Road, Bootle, near Liverpool ... (E) Nov. 1884 
Scott, William, " Marsden," Ninian Road, Roath Park, Cardiff ... (E) June 1896 

Sea bury, Edward, Station Road, Brox bourne, Herts (E) Mar. 1886 

Seaman, C. J., Newton Heath Iron Works, Manchester (E) Jan. 1889 

Seaton, Albert Edward, Lawn Park, Boxmoor, Herts (E) Jan^ 1891 

Sedcole, Jame3, 21, Springbank Terrace, Aberdeen (ED) Jan. 1906 

See, Horace, 1, Broadway, New York City, U.S. A (E) May 1896 

Selby, Christopher H., 26, Cobbam Road, Westcliff-on-Sea, Essex (E) Feb. 1908 
SeUex, James E., Lloyd's Register of Shipping, Collingwood Build- 
ings, Newcastle-upon-Tyne (E SUR) Dec. 1906 

Sergent, William John, 12, College Avenue, Crosby, near 

Liverpool (E) Oct. 1898 

Sharp, A. E., c/o Messrs. The Peninsular and Oriental Steam 

Navigation Co., 122, Leadenhall Street, London, E.C. ... (E) Nov. 1884 

Sharp, Mark, 144, Albert Road, Jarrow-on-Tyne (E) Dec. 1889 

Shaw, Thomas, Messrs. Lloyd's Register of Shipping, Collingwood 

Buildings, Newcastle-upon-Tyne (SUR) Nov. 1900 

Short, John Gill, East Side, Tyne Dock, South Shields (N A) Feb. 1899 

Short, Jos., 13, John Street, Sunderland (S) Nov. 1884 

Short, Thomas S., c/o Messrs. Short Brothers, Pallion, Sunder- (Graduate, Oct. 1892 

land (S iMember, May 1899 

Shute, A. E.. 12, Clyde View, Partick, Glasgow (E) Dec. 1892 

Simpson, James M., Eng.-Lieut., R.N., H.M.S. " Thetis," Chatham (E) Nov. 1901 

Sinclair, Charles E., 18, James Street, Liverpool (C E) Jan. 1902 

Sinclair, W. Rendall, 14, Roxburgh Place, Heaton, Newcastle- j Graduate, Nov. 1901 

upon-Tyne (E) I Member, Dec. 1903 

Singleton, Thomas, 46, Drury Buildings, Water Street, Liverpool (F) Apr. 1903 
Sinton, John K., 15, Beech Gardens, Low Fell, Gateshead ... (E) Nov. 1885 

Sisson, Wm.. " Hucclecote," near Gloucester (E It N A) Oct. 1888 

Sivewright, G. W., 5, Radcliffe Terrace, Hartlepool (S) Nov. 1886 

Sivewright, R. W., 6, Ashfield Terrace East, Newcastle-upon-Tyne (S) Jan. 1907 
Skentelbery, Charles, c/o Messrs. Massachusetts Steamship Co., 

51?, Shawmut Bank Buildings, Boston, Mass., U.S.A. ... (E) Oct. 1900 
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Tierney, John W., c/o Messrs. The Globe Pneumatic Engineering 

Co., Ltd., 150, Queen Victoria Street, London, E.C (E) Nov. 1905 

Tinn, Fred. D., North View, Mowbray Road, South Shields ... (S) Nov. 1891 

Tinn, George, 215, Cardigan Terrace, Gateshead-on-Tyne (E) Dec. 1897 

Tocher, J. W., c/o Messrs. Wallsend Slipway and Engineering Co., 

Wallsend-on-Tyne (S) Mar. 1898 

Todd, George William, 114, Bede Burn Road, Jarrow (S) | M^mb^r^' rTec' 1899 
Todd, John P., 21, Steven Street, Edge Lane, Stretford, near 

Manchester (E) Dec. 1897 

Todd, W. Surtees, Coronation Buildings, 65, Quayside, Newcastle- 
upon-Tyne (N A) Nov. 1901 

Toomer, C. R., Havensworth, Westoe, South Shields (E) Jan. 1899 

Toovey, Alfred F., 28, Burdon Terrace, Newcastle-upon-Tyne ... (E) Dec. 1894 
Tose, Thomas, Uavenhill, Grange Road, West Hartlepool ... (E) Mar. 1901 

Towers, Edward, Jun., 7 Collingwood Street, Newcastle-upon- f Graduate, Nov. 1886 

Tyne * (E) I Member, Oct. 1888 

Trail, John, 21, Grosvcnor Place, Jesmond, Newcastle-upon- 
Tyne (M S) Oct. 1892. 

Traill, Robert, 6, Windsor Crescent, Whitley Bay, Northumberland (E) Oct. 1896 
Trewent, F. J., 43, Billiter Buildings, Billiter Street, London, 

E.C (S) Dec. 1884 

Tsimenis, Andreas, 65, Shortridge Terrace, Jesmond, New- ) Graduate, Oct. 1900 

castle-upon-Tyne (N A) J Member, Jan, 1902 

Tulip, Wilfred, Messrs. Hong Kong and Whampoa Dock Co., j Graduate, Mar, 1902 

Hong Kong, China (E) I Member, April 1905 

Turnbull, John, 258, Chillingham Road, Ileaton, Newcastle-upon- 
Tyne (E) Nov. 1898 

Turner, S. J., 71, Warwick Street, Heaton, Newcastle-upon-Tyne (E) Mar. 1887 
Tuxen, Holger, Bureau Veritas Register of Shipping, Heibersgade, 

14, Copenhagen, K. (S) Nov. 1896 

Twaddell, James L., Green Bank, Jarrow-on-Tyne (S) Oct. 1891 

Tweedy, G. F., The Noak, Jesmond Park East, Newcastle-upon- 
Tyne (E) May 1899 

Tweedy, John, Kelso House, Fernwood lload, Jesmond, Newcastle- 

upou-Tyne (E) Nov. 1884 

U. 

Urquhart, Douglas M., c/u Messrs. Menzies &. Co., Ltd., Old Dock, 

Leith, N.B (S) May 1899 



Vardy, George, c/o Messrs. Swjin. Hunter & Wigham Richard- (Graduate, Oct. 1894 

son, Ltd., Wallstnd Shipyard, Wallsond-on-Tyne (E)\ Member, 1898 

Varty, Bartholomew Snowball, Messrs. Bureau Veritas ( Graduate Oct. 1895 

Register of Shipping, 8. Place de la Bourse, Paris (S) I Member May 1901 

Vianson, N. E., Via, Corsica 20/5, Genoa. Italy (E) Dec. 1885 

Vick, H. W., Messrs. Furness, Witliy & Co., Middletoii Shipyard. 

West Hartlepool (S) Nov. 1888 

Vowell, .losias. East Devon County School, fc^anipford Levereli, 

Tiverton (E) Feb. 1901 
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Stnperakj, Antony, 8, Percy Avenue, Monkseaton, Northumber- 
land 

Summers, James, 4, Vicarage Terrace, Newtown, Stockton-on- 
Tees (E) Mar. 18S9 

Sutherland. Donald, c/o Messrs. Hawthorn & Co., Ltd.,Leith,N.B. (E) Jan. 1905 

Swinburne, M. W., The Cottage, Jesmond Park East, Newcastle- 
upon-Tyne (E) Nov. 1884 

Swinburne, T. M., 18, Bewick Road, Gateshead-on-Tyne (E) Jan. 1886 

Swinney, W., 10, Wentworth Terrace, Westoe Lane, South 

Shields (E) Dec. 1888 

Syme, James, Fairfield Works, Govan, Glasgow (E) Oct. 1892 



T. 

Tait, Peter W., The Leith, Hull, and Hamburg Steam Packet Co., < 

Ltd., 16, Bernard Street, Leith, N.B (MS) Jan. 1905 

Tait. Robert, 23, Ardgowan Street, Greenock, N.B.... (S D) / ^^^^"^^' ^^^- ^f 
** ' I Member, Mar. 1906 

Tate, Chas. H., 7, Side, Newcastle-upon-Tyne (N A) Nov. 18i<4 

Taylor, J. T. Lloyd, Dock Engineer's Office, Middleton Road. /Graduate, Oct. 1900 

West Hartlepool (CE)lMember, May 1908 

Taylor, John, (E) Dec. 1894 

Taylor, Martin B., Pitlochie, Annfield Terrace E., Partickhill, 

Glasgow (S) Jan. 1903 

Taylor, Matthew M., c/o Messrs. Crossley Bros, Ltd., 11, Saville 

Row, Newcastle-upon-Tyne (E) Dec. 1906 

Taylor, Sydney T., 15, Windsor Terrace, Newcastle-upon-Tyne ... (SD) Nov. 1905 
Teed, Henry R., Eng. Com., U.N.. H.M.S. '-Cochrane/' 5th 

Cruiser Squadron, Chatham (E) Dec. 1906 

Teesdale, John, 7, Portland Terrace, Jesmond, Newcastle-upon- 
Tyne (E) Mar. 1898 

Terry, P. Herbert (M) Feb. 1901 

Thackrah, John, 8, Mentone Place, Little Woodhouse Street, Leeds (E) Nov. 1901 
Thew, Charlton, 20, West Avenue, Gosforth, Newcastle-upon- \ Graduate, Dec. 1899 

Tyne (E) < Member, Nov. 1902 

Thomas, Benjamin, 8, Balmoral Terrace, Heaton, Newcastle-upon- 
Tyne (E) Feb. 1899 

Thoma.s, Harold, 43, University Street, Belfast (S) Apr. 1903 

Thomas, Thomas Roberts, 2, Queen's Gardens, Sunderland (E SUR) May 1908 

Thomas, William, 41, Glcnmore Road, Hampstead, j Graduate, Oct. 1895 

London, N.W (E) I Member, Nov. 1899 

Thompson, C. K., The Poplars, Sunderland (S) Nov. 1884 

Thompson, Jas., Farringford, Roker, Sunderland (E) Dec. 188<) 

Thompson, Joseph Andrew, North Sands Shipyard, Sunderland ... (S) Nov. 1901 
Thomson, Alex. T. G., Elswick Shipyard, Newcastle-upon-Tyne .. (S) Jan. 1907 
Thomson, Harold, 37, Larkspur Terrace, Newcastle-upon-Tyne ... (E) Nov. 1U05 
Thoms<m, James, M.A., 22, Wentworth fMace, Xevvcastle-upoa- 

Tyne (E * N A) Nov. isyo 

Thorn. W. H., 6, WatcrviUe Terrace, North Shields (E) Nov. 18S4 

Thyne, John Sinclair, 82, Azalea Terrace N., Sunderland (S) Dec. 1S99 
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White, U. Saxton, Messrs. Sir W. G. Armstrong, Wbitworth k Co., 

Ltd., Walker Shipyard, Walker-on-TS-ne (S) Nov. 1884 

Whitfield, Eli, Atlas Villa, DuDston-on-Tyne (E) Oct. 1906 

Whitfield, George, Whickham View, Dunston-on-Tyne (E) Oct. 1900 

Widdas, T. D., 56, Plasturton Avenue, Cardiff (SUR) April 1885 

Wildridge, Richard, 90, Berry Street N., Sydney, f Graduate, Oct. 1895 

N.S.W (E) t Member, Oct. 1898 

Wilkie. John, 8, North View, Wallsend-on-Tyne (E) Dec. 1906 

Wilkie, W., 6, Northumberland Gardens, Jesmond, Newcastle- 
upon-Tyne (S) Jan. 1907 

Wilkinson, Thomas, 67, Laburnum Avenue, Wallsend-on-Tyne ... (S) Nov. 1899 

Willcox, F. A., B.Sc, 18, Holinlands, Park, Sunderland .♦(C E) Nov. 1903 

Willcox. Henry Walker, 14. Norfolk Street, Sunderland (C E) Nov. 1897 

Willcox, Percy F. C, 14, Norfolk Street, Sunderland (C E) Nov.*1897 

Willcox, R. J. N., c/o Thames Conservancy, Port of London f Graduate, Mar. 1892 

Wharf, London (E) I Member, Dec. 1897 

Williams, Thomas, Messrs. South Durham Steel & Iron Co., West 

Hartlepool (Ili S M) Dec. 1900 

Williams, Thomas R., " Holmside." Bede Burn Road, Jarrow- 

on-Tyne (S) Oct. 1896 

Williamson, Alex., B.Sc, c/o Messrs. Cammell, Laird & Co., 

Sheffield (E) Jan. 1907 

Wilson, Alfred Allan, 6, Percy Terrace, Newcastle-upon. J Graduate, Nov. 1904 

Tyne (S)t Member, May 1906 

Wilson, Edmund, 8, Clifton Terrace, Forest Hall, near Newcastle- 
upon-Tyne (E) Nov. 1901 

Wilson, Henry J. H., " Lancetield," Kellfield Avenue, Low Fell, 

Gateshead-on-Tyne (E) Nov. 1895 

Wilson, Henry Maxson, 65, Quayside, Newcastle-upon-Tyne • ... (E) May 1902 
Wilson, John Re<,'inald, Tlie Willows, Gosforth. Newcastle- ( Graduate, Mar. 1894 

upon-Tyne (EE)l Member, Dec. 1899 

Wilson, W. J., Messrs. William Crighton k Co., Engineers and 

Shipbuilders, Abo, Finland 

Wiml>le, Arthur, lo, Ventnor Gardens, Monkscaton 

Winstanley, P. D., Bureau Veritas Register of Shipping, 155, 

Fenchurch Street, Loudon, E.G. 

Withy, Ernest, Brant ford House, West Hartlepool 

Withy, Henry, Middleton Shipyard, West Hartlepool 

Wood, Hcniy Alfred, Sunnyside, Marton, R.S.O., Yorks ... 

Wood, Lionel, 20, Edward's Road, Whitley Bay, Northum- r Graduate, Nov. 1897 

bcrland (E E) \ Member, Jan. 1903 

Wood. William, Rut liven, Ailderstone Crescent, Jesmond, New- 
castle-upon-Tyne (S) Nov. 1897 

Woodcson, Wn). A.. 14, Bewick Road, Gateshcad-on-Tyne ... (E) Nov. 1901 

Wortlcy, Henry B., Kent House, Etrerton Park, Rock Ferry, j Graduate, Jan. 1886 

Birkcnlioad (S) < Member, Nov. 1892 

\V>ay. Tlionias W., Boanl of Trade OIHces, Sunderland (SUR) Jan. 1895 

r Graduate, Feb. 1896 

Wriirht, George H.. a:i. Alburv Park Road. Tvnemouth (EE) Kr i r. mm 

^ * ' I Member, Dec. 1901 

Wri.i^ht, .Josei)h, jun., 7, St. Mary's Place. Newcastle-upon-Tyne... (F M) Feb. 1906 

Wriglit, R., .>, Hawthorn Terrace. Newcastle-upon-Tyne (E) Nov. 1884 

Wynl. William Adam, 8, Dilston Terrace, Gosforth, Newcastle- 
upon-Tyne (N A) Feb. 1902 



(S) Nov. 


1907 


(E) Dec. 


1893 


(S) Nov. 


1884 


(S) Oct. 


1906 


(S) Nov. 


1884 


(S) Dec. 


1898 



XXXVll 
Y. 

ELECTKO. 

Voung, Andrew, Bureau Veritas Register of Shipping, 155, j Graduate, Feb, 1892 

Fonchurch Street, London, E.G. (S) I Member, May 1893 

Young, J. Denholm, 7, Commercial Court, 17, Water Street, 

Liverpool (E) Oct. 1888 

Z. 

Zeeman, J. H., 147, Bankastraat den Haag (S) Oct. 1889 



ASSOCIATES. 

A. 

Allan, A. S., 27, Hotspur Street, Tynemouth (M) Dec. 1903 

Anderson, Daniel G., c/o Messrs. W. Angus & Co.. Grainger Street 
West, Newcastle-upon-Tyne 

B. 

Barklam, George, Braemar, Dudley Port, Staffordshire ... 

Barnes, Henry, Highcliffe, Roker, Sunderland 

Barrie, C. C, 49, Meadowside, Dundee 

Barrie, J. J,, 49, Meadowside, Dundee, N.B 

Beynon, Thomas, Hamburg Chambers, Quayside, Newcastle- 
upon-Tyne 

Bigge, C. W., Northern Counties Club, Newcastle-upon-Tyne ... 

Bingham, Sir J. E., Bart., West Lea, Ranmoor, Sheffield 

Bird, William, 22, Percy Gardens, Tynemouth 

Borrie, Walter, Messrs. Blair & Co., Ltd., Stockton-on-Tees 

Bowmer. John J., 8, Tankerville Terrace, Newcastle-upon-Tyne... 

Brims, 0. N., 5, St. Nicholas' Buildings, Newcastle-upon-Tyne ... 

Brown, Charles Ernest, Fairfield, South BoUlon, R.S.O., near 
Sunderland 

Brown, Percy Ledger, 66, Saville Street, North Shields ... 

BuUen, Tempest C, Derwentwater Chambers. 33, Sandhill, 

Newcastle-upon-Tyne (S O) Nov. 1891 



Carr, Ralph, Thornleigh, Clayton Road, Newcastle-upon-Tyne (A li S O) Nov. 1886 
Cohan, Edward Asher, c/o Messrs. H. E. Moss & Co., Chapel 

Street, Liverpool (S O) Nov. 1889 

Cory, John, Mount Stuart House, Cardiff (S O) June 1896 

Conll, John, Baltic Chambers, Quayside, Newcastle-upon-Tyne ... (S O) Oct. 1886 
Crawford, Thomas, 10, Haldane Terrace, West Jesmond, 

Newcastle-upon-Tyne (A) Oct. 1896 

Crosier, Edward James, East Boldon,via Newcastle-upon-Tyne ... (A) Oct. 1889 

D. 
Darling, Henry, Secretary, Messrs. Smith's Dock Co., Ltd., High 

Docks, South Shields Nov. 1904 

Dingle, Charles (MS) Nov. 1906 

Dixon, Thomas, c/o Messrs. Sir Ruylton Dixon & Co., Ltd., 

Shipbuilders, Middlesbrough (A) May 1902 



(A) Nov. 


1893 


(A) April 


11888 


(A) Nov. 


1901 


(S O) Oct. 


1904 


(S O) Aug. 


1908 


(E A) Oct. 


1891 


(A) Dec. 


1889 


(M) Mar. 


1895 


(A) May 


1896 


(A) Jan. 


1899 


(S O) Nov. 


1901 


(C) Nov. 


1893 


(A) Oct. 


1900 


(E A) Oct. 


1896 



s. 

BLECTKD. 

Scholefield, A., 17, Sandhill, Newcastle-upon-Tyne (S O) Nov. 1884 

Simin, William, c/o Messrs. John Taylor & Co., 12, Dean Street, 

Newcastle-upon-Tyne (M) Nov. 1906 

Snowdon, W. F., 32, Side, Newcastle-upon-Tyne (E A) Dec. 1886 

Stallybrass, William S., 30, Dean Street, Newca'*tle-upon-Tyne ... (M) Mar. 1901 
Stephenson, George R., c/o Messrs. N. E. Marine Engineering Co., 

Northumberland Engine Works, Wallsend (A) Nov. 1899 

Storey, Christopher, 13, Sunbury Avenue, Jesmond, Newcastle- 
upon-Tyne (A) April 1896 

Sutherland, Arthur M., Eastcliffe, Elmfield Road, Gosforth, 

Newcastle-upon-Tyne ., (S O) Nov. 1897 

Swinney, Robert Nesbit, Ashleigh, Morpeth (A) Nov. 1901 

T. 

Temple, George T., 20, Beach Avenue, Whitley Bay, Northumber- 
land (A) Jan. 1899 

Thompson, Wra. H., 3, East Parade, Newcastle-upon-Tyne ... (A) Nov. 1899 

Thorpe, Samuel, Market Place Chambers, 74, High Street, 

Sheffield (I* S M) Feb. 1901 

Todd, John Stanley, Maritime Buildings, Newcastle-upon-Tyne (U) Nov. 1895 

Towers, Edward, 27, Brandling Park, Newcastle-upon-Tyne ... (A) Oct. 1888 

Towers, Michael G., Clementhorpc, North Shields (A A) Dec. 1899 

Trechmann, Otto K., Church Street, West Hartlepool (SO) Oct. 1896 

Tully, Robert, 9, The Lawe, South Shields (MS) May 1900 

W. 

Wainford, Edgar H., 3, Woodbine Road, Gosforth, Newcastle- 
upon-Tyne (A) Nov. 1899 

Ward, Heber, Messrs. Walker & Hall, Sheffield (A) Feb. 1901 

Watson, Thomas W., Gisburn House, Hartlepool (MS) Nov. 1890 

Wejitheral, Henry, 27, Alderson Street, West Hai-tlepool (A) Feb. 1893 

Weiss, T. L., Marine Superintendent, 5, Quayside, Newcastle- 
upon-Tyne (M S) Nov. 1903 

Willis, John B., 2, Belgrave Crescent, Blyth (A) Jan. 1907 

Winstanley, Robt. Hope, 2G, Rectory Terrace, Gosforth, Newcastle- 
upon-Tyne (A) Nov. 1897 

Wisnom, Edward, '• Glenford," 63, Penylan Road, Roath Park, 

Cardiff (M S) May 1906 



Y. 

Yeoman. F., Ship and Steamship Broker, West Hartlepool ... (S O) Nov. 1888 

Young, Charles E., Murton Chambers, Grainger Street, Newcastle- 
upon-Tyne (M) Nov. 1905 

Young, John Barruw, Optician. 46, Dean Street, Newcastle-upon- 
Tyne Nov. 1901 

Younger, Robert Laurie, Messrs. Greenork Steamship Co., Limited, 

Greenock ... (A)^Feb. 1889 



XXXIX 



Levin, Otto, c/o Messrs. Holzapfel's Compositions Co., D, Milburn 

HoDse, Newcastle-upon-Tyne ... ... (A) Nov. 1902 

Lodwidge, Philip, Baltic Chambers, Sunderland (A) June 1896 

Lucock, George, c/o Messrs. VV. Lucock k Son, Hudson Street, 

Tyne Dock (M) Oct. 1900 

M. 
Macarthy, George E., 54, Pilgrim Street, Newcastle-upon-Tyne ...(S O) Oct. 1887 
Maughan, William, 13, Mosley Street, Newcastle-upon-Tyne ... (A) Feb. 1887 
McBeath, Harry C, 87, Jesmond Road, Newcastle-upon-Tyne ... (A) Dec. 1900 

Miller, T. H., 9, Great St. Helen's, London, E.C (A * S O) Nov. 1884 

Moss, J. Frank. Jr., 24, Riverdale Road, Sheffield (S M) Nov. 1901 

Muller. J. 0. F.. 79, Rue Harringrode, Antwerp (SUR) Feb. 1890 

Murray, Henry H., Hastings Lodge, Hartlepool (A) Dec. 1901 

Murray, Matthew, The Green, Wallsend-on-Tyne (A) Nov. 1893 

Murray, David, 13, Argyle Square, Sunderland .. (A) May 1908 

N. 

Naismith, John. Neptune Works, Newcastle-upon-Tyne (A) Nov. 1901 

JJettleship, G., 39, Trent Street, Norton Rood, Stockton-on-Tees .. (A) Nov. 1907 
Nielsen, Hans Christian, 12, Cliff Terrace, Hartlepool ... ... (S O) Feb. 1898 

O. 
Olsen, Hans Benedick, 70, Church Street, West Hartlepool ... (S O) Mar. 1893 

P. 

Park, Robert, Lauriston,.Blackhill, Co. Durham (A) Dec. 1897 

Parker, George, 62, John Street, Sunderland (A) Dec. 1899 

Petersen, William, Kenton Lodge, Gosforth, Newcastle-upon-Tyne (S O) Nov. 1893 

Pilditch, Alfred, Grange Villa, Jarrow-on-Tyne (A) Nov. 1903 

Pinkney, Thomas, 3, Ashbrook Terrace, Sunderland (SO) Dec. 1886 

Pringle, George Frederick, 8, Grainger Street, Newcastle-upon- 
Tyne (E A) May 1901 

Proctor, J. H., 45, Percy Gardens, Tynemouth (I M) Nov. 1893 

R. 
Ramsay, Norman F., 131, Osborne Road, Newcastle-upon-Tyne (B F) Jan. 1902 
Reichwald, A., Finsbury Pavement House, Finsbury Pavement, 

London, E.C (A) Nov. 1884 

Reid, Sidney, Printer, Akenside Hill, Newcastle-upon-Tyne ... Nov. 1884 

Ren wick, G., Messrs. Fisher, Ren wick & Co., CoUingwood 

Buildings, Newcastle-upon-Tyne (S O) Nov. 1884 

Rimer, William Thomas, E, Milburn House, Newcastle-upon-Tyne (M) Nov. 1900 

Ritson, Arthur, 30, West Sunniside, Sunderland (S O) Feb. 1899 

Robinson, J., Secretary, Clarendon House, Clayton Street, New- 
castle-upon-Tyne Oct. 1904 

Robaon, John William, F, Milburn House, Newcastle-upon-Tyne... (M) April 1896 

Rogers, Thomas W., 284, Beverley Road, Hull (A) May 1901 

llumford, George, Messrs. Shipping Sc Coal Co., Ltd., Proctor 

House, Newcastre-upon- 1 yne ... ... .. (A) Jan. 1907 



xlii 

ELECTED. 

Davis, B. N., 10, St. Georpre's Terrace, Jesmond, Newcastle- 
upon-Tyne (S) Nov. 1907 

I)ea», Oharlen Douglas. 30, Harrogate Street, Sunderland (E) May 1908 

Dent, K. L., 2, Bath Terrace, Tynemouth (E) Nov. 1907 

Denton, R. A. B., 9, Poplar Crescent, Gateshead-on-Tyne (E) Nov. 1907 

Driver, John Wm., 21, Grosvenor Place, North Shields (E) Feb. 1904 

Dymond, 0. TT., 1, Windsor Terrace, Newcastle-upon-Tyne ... (E) Aug. 1908 

E. 

Kdwards, A. G., 29, Argyle Street. Hebburn-on-Tyne (S) Nov. 1907 



Farinn, Victor, J.P., 27, Crown Street, Newcastle-upon-Tyne ... (E A) Nov. 1905 

?Mnlay, George, 27, Clayton Park Square, Newcastle-upon-Tyne... (E) Nov. 1902 

Kloming, Tom, jun., Heathfield, Hebburn-on-Tyne (S) Dec. 1906 

G. 

Goddard, James Alan, 34, Denmark Street, Gateshead-on-Tyne .. (E A) May 1906 

■Graham, K., Morro House, Tynemouth (S) Nov. 1907 

Green, Fred. Wm., Rutherford College, Newcastle-upon-Tyne ... (E) Jan. 1902 

H 

Haddock, Gilbert Korster, 16, Azalea Terrace South, Sunderland (E) May 1908 

Hamilton, Francis A. W (E E A) Dec. 1905 

Ilarnoy, ,!., 13, Stanby Str(M»t, Rlyth (S) Nov. 1907 

llnrwood. V. A.. Mossrs. Santjiro Nitrate Co.. Ltd.. Taltal, Chili, 

Soutli A morion (E) Nov. 1907 

Masl.im, Kd.. *22, St. Georiro's Torrace, Newoastlo-upon-Tyne ... (E) Mar. 1907 

Hawthorn, Kdwin 1)., 3S, Faloonar Street. Xowcastle-upon-Tyne (E) Jan. 1907 

Hivkols. rhom.'is G., v^3. l-'ahuouth Komi, IKaton, Newcastle ... (E) Dec. 1906 
Hondorsv>n, Joseph Nevison, (iO, Woodbine Street, (iateshead- 

upt>n-Tyne (E) Dec. 1903 

Hill. .Vtulorson C.oo Mo>sis. H:nvtlu»rn & Co., Ltd.. Junction 

l^i«ii,n\Loith (E) May 1908 

Hu.ir>;ns. W.-iltir. 'j;, Muuvlolla IVrraoo, lloaton. Sowoastlo ... (E) Nov. 1907 

Humor. Sumnioi-s. juu . SiMitli Tix^s'on I.ixlco, Ni>rt]i ShioMs ... (E) Nov. 1907 

I. 

Ir.C'i^. K.. l*l\ lu^sonunmt, ron>oit. To. Durham .. ^^E) April 1907 

,1. 

.lav.-.o*. .a^ A . '• l\vv.:oij;h;' WostKxuv.'.o K->avi r^'vkov.'u a.i ... ^S^ Nov. 1903 
.lo^r.vv.c^ K,;\>A*\i i\ :^t'«, Tn av\>:>>t\o\'. A\ o:\v.o. 1. w Fo.;. 

v;aTo<:'oa.;.or.lv!\r .E^ N'ov. 1901 

,K", v.s^■v,. .KVv.. ; r. Ov^.^•v.^ r«":^\v\\ v\-»v\: o K, ;v.i. \Va '.>o'.i.i-. r.- 

Vn: o ^E> Jai^ 1907 
.^ ;.>:v''V.v\ S. ^•,. .^ rv\'n\v''i v*. v ».*•..'.» *> M • \>via:v:\ W ::'■.;:'.:.<< :- 

Ar„; . . S N V. 1907 



xliii 

K. 

Knight, Stanley C, Moorlands, Highbury, West Jesraond, New- 
castle-upon-Tyne ... ... (E) Jan. 1907 

Knoph, R. G., 120, Trewhitt Road, Heaton, Newcastle-upon-Tyne (S) Nov. 1907 

L. 

Lee, Charles R., 71, Lyon Street, Hebburn-on-Tyne (S) Dec. 1906 

Little, John, High Street, Felling-on-Tyne (E) Feb. 1903 

Lovatt, John James, 15, Kingsley Place, Heaton, Newcastie-upon- 

Tyne (E) Jan. 1908 

M. 
Mac Donald, Hector Duncan, 5 Park Parade. Westmorland Road, 

Newcastle-upon-Tyne .,. (E A) Jan. 1906 

Mallet, James F., Ivy Road, Gosforth, Newcastle-on-Tyne ... (E) Nov. 1904 

Manners. A. W., 95, Waterloo Road, Blyth ... (E) Nov. 1907 

Markhara, M., 9, Eldon Square, Newcastle-upon-Tyne (E) Jan. 1908 

Matheson, Ian Ross, The Clack, Hebburn-on-Tyne (S) Dec. 1902 

Matthews, John Wm., 15, Hillside, Tunstall Road, Sunderland ... (S) Feb. 1904 

McClelland, W., 14, Oaks West, Sunderland (S) Jan. 1907 

Mountain, Kenneth A., The Hermitage, Gateshead-on-Tyne (E E A) Dec. 1905 

Mountney, Chas. F., 7, Caroline Street, Jarrow-on-Tyne (E) Feb. 1908 

N. 
Neill, John, B.Sc, c/o Messrs. Scott's S. & E. Co., Ltd., Engine 

Work=}, Greenock (E) Nov. 1901 

Nixon, William, 4, Bath Terrace, Blyth (S) Jan. 1907 

O. 

Osbourne, Thomas B., The Oaks West, Sunderland (E A) Nov. 1905 

Oxberry, John A., 21, Grasmere Street, Gateshead-on-Tyne ... (E) Mar. 1907 

P. 
Fellow, Ernest John, 3, St. Bede*s Terrace, Sunderland Road, 

Gateshead-on-Tyne (E) Feb. 1908 

Pike. F. N., 1, Parade Crescent, Walker-on-Tyne (S) Nov. 1907 

Pile, John * (E) Jan. 1907 

Finder, John, c/o Messrs. Adamsez, Limited, Sanitary Engineers, 

Scotswood-on-Tyne (E) Mar. 1904 

Fledge, Harry, 132, Fairholme Road, Ben well Grove, Newcastle- 
upon-Tyne (E E A) Nov. 1905 

Porter, Norman, 13, Queens Square, Belfast, Ireland (E E) April 1905 

R. 

Reed. A. P., " Mayfield," Jarrow-on-Tyne (E) Nov. 1907 

Reed, E., " Mayfield," Jarrow-on-Tyne (E) Nov. 1907 

Robinson, Josei)h, 31, Percy Gardens, Tynemoutii ... ... (E P) Dec. 1905 

Robinson, William E., 32, Percy Gardens, Tynemouth (S) Nov. 1907 

Robson, G., 37? Rothbury Terrace, Heaton, Newcastle-upon-Tyne (S) Nov. 1907 

Robson, S. J., 7, Claremont Terrace, Blyth (S) Nov. 1907 

Rolland. John, 49, Lovaine Place, Newcastle-upon-Tyne .. (E) Oct. 1006 

Boutledge, R. B., 27, Harrison Place, Newcastle-upon-Tyne ... (E) Nov. 1907 



xliv 

s. 



Scott, Keith S. M., B.Sc, Woodcote, Long Benton, njear Newcastle- 
upon-Tyne (E) Nov. 190a 

Sedcole, W. J., 17, We3toe Lane, South Shields (E) Feb. 1905 

Sewell, Thomas R., Highcroft, Whitburn, near Sunderland ... (E) Dec. 1906 

Shackleton, William L. C, 64, St. George's Terrace, West Jesmond (E A) Nov. 1905 

Sims, G. P. W., (E) Nov. 1907 

Smith, Thomas, 15, Eslington Terrace, Newcastle-upon-Tyne ... (E E) Jan. 1906- 

Snowdon, W., 1, Bell Grove Villas, Newcastle-upon-Tyne (E) Nov. 1907 

Stirzaker, Stanley C, 46, Highbury, Newcastle-upon-Tyne ... (E) Nov. 1901 



Talbot- Palmer, Edward, 94, Warwick Road, Romford Road, West 

Ham, London (E) Feb. 1904^ 

Taylor, Hugh Lamport, 2, Prior's Terrace, Tynemouth (E) Mar. 1908 

Taylor, John Allibon (E) Feb. 1904 

Todd, Surtees, jun., 2, Egremont Drive, Sheriff Hill, Gateshead ... (E) May 1907 

Tomlin, G. V., 123, Woodstock Avenue, Shawlands, Glasgow .. (E) Nov. 1907 

Tre weeks, H. C, Kingsdyke House, North Road, Wallsend-on-Tyne (E) Nov. 1907 

Turner, G., 4, Queen's Road, Monkseaton, Northumberland ... (E) Jan. 1908^ 

W. 

Wartiroper, Arthur K., Walker Vicarage, Walker-on-Tyne ... (E) Dec. 1901 
Watson, Arthur William, Assistant Constructor, H.M.S. 

'' Dominion," Chatham ... (S) Dec. 1903 

Weathcriey, Norman S., 5, Lynnwood Avenue, Newcastle-upon- 
Tyne (E) Dec. 1906 

Webb, Edmund, 15, Oxford Terrace, Gatcshead-on-Tyne (E) Nov. 1903 

Wcetmaii, John H., 11, Barkeley Drive, Seaforth, Liverpool (E P) Nov. 1905 

White, William, 8, Poplar Crescent, Gateshead-on-Tyne (S) Nov. 1904 

Whiting, W. R. G., B.A., 2, Ripon Gardens, Jesmond, Newcastle- 
upon-Tyne • ... (S) Nov. 190a 

Wilson, William, '' Lancefield," Kelltield Avenue, Low Fell, 

Gateshead-on-Tyne (E) Feb. 1902 

Winstanley, K. G., 5, Ash Place, Newcastle Road, Sunderland ... (S) Jan. 1908 

Wood. G., 2, The Crescent, Gateshead-on-Tyne (E) Nov. 1907 

V. 
Voung, (t., CO Messrs. Donkin & Co., Engineers, St. Andrew's 

Engine Woiks, Walker Gate, Newcastle-upon-Tyne ... (E A) Dec. 1905 

Young, James, :V.), Westoo Parade, South Shields (S) Oct. 1906 



xli 

GRADUATES. 
A. 

ELECTED. 

Aird, A., Goeforth House, Roker, Sunderland (E) Jan. 1908 

Ashby, Edward, 2, Norman Terrace, Howdon-on-Tyne (S) May 1907 

Atkinson, Harry, 137, High Park Road, Newcastle-upon-Tyne ... (E) Nov. 1901 

Ayre, Amos L., 11, Green's Place, South Shields (S) Nov. 1904 

B. 
Ballard, Maxwell, c/o Mr. Marshall, St. Elmo, Greencastle, 

Belfast ..'. (S) Nov. 1904 

Batty, George L., 6, Tweeil Street, Berwick-on-Tweed (EE) Mar. 190?^ 

Beattie, Walter, jun., 5, Beauclerc Terrace, Sunderland (E) Dec. 190& 

Binns, Oswell Barritt, 76, Holly Avenue, Jesmond, Newcastle- 
upon-Tyne (E A) Jan. 1906 

Blake, Leonard James, 20, Laburnum Avenue, Wallsend-upon-Tyne (E) Dec. 1903 
Brown, George M., Messrs. Scott & Mountain, Close Works, Gates- 

hca«l (EE) Mar. 1903 

Brown, Rochester, 67, Osborne Road, Jesmond, Newcastle-upon- 
Tyne (E) Jan. 1905 

Browne, John C, 15, Thornhill Gardens. Sunderland (EE) Dec. 1906 

Brunton, Ernest C, 3, Prior's Terrace, Tynemouth (E) Dec. 1906 

Burnup, E. Cyril, 2, Wentworth Place, Newcastle-upon-Tyne ... (EE) Mar. 1903 

C. 

Campbell, Hugh, c/o Messrs. N.E. Marine Engineering;: Co., 

Northumberland Engine Works, Wallsend-on-Tyne ... (E A) Nov. 1905 

Carr, Stuart, Thornleigh, Jesmond, Newcastle-on-Tyne (EE) Nov. 1904 

Cballoner. Rex. T., 11, Lansdownc Terrace, Gosforth, Newcastle- 

npon Tyne ... (E A) Nov. 1905 

Champness, E. L., 35, Eskdale Terrace, Jesmond, Newcastle- 
upon-Tyne , (S) Nov. 1907 

Champcess, E. T., 35, Eskdale Tcn-ace, Jesmond, Newcastle- 

nj)on-Tyne ... (E) Nov. 1907 

Chisholm, J. P., 48, Falmouth Road, Heaton, Newcastle-upon-Tyne (E) Nov. 1907 

Clark, Ewbank, 162, Albert Road, Jarrow-upon-Tyne (E) Nov. 1907 

Coat<i8, John, 15, Park Place, E., Sunderland (E) Mar. 19UH 

Cookson, James Ambrose, 6, Primrose Hill, Low Fell, Gateshead (E) May 1907 

Cothay, Frank H., 7, Valebrook Terrace, Sunderland (E) Feb. 1901 

Cox, Harry Jasper, 177, High Street, Lewisham, liOndon, S.E. ... (S) Dec. 1903 
Cox, Theodore R., 8, Rothbury Terrace, Heaton, Newcastle-upon- 
Tyne (E) Dec. 1906 

Creagh, Etlward Curry, No. 1, Roker Gate, Roker, Sunderland ... (E) Nov. 1904 
Cuttle, Henry H., 109, Castle Road, Scarborough (E) Jan. 1902 

D. 

Daglish, G., East Villa, The Green, WallHcnd-upon-Tyne (E) Nov. 1908 

Davis, Alfred, Seymour House, Lemington-on-Tyne, Scotswood, 

R.S.0 (E) Oct. 1906 

VOU XXrV.-1908. F 



xlii 

KLKCTCD. 

Davis, R. N., 10, St. George's Terrace, Jesmond, Newcastle- 
upon-Tyne (8) Nov. 1907 

Deas, Charles Douglas. 80, Harrogate Street, Sunderland (E) May 1908 

Dent, E. L., 2, Bath Terrace, Tynemouth (E) Nov. 1907 

Denton, R. A. B., 9, Poplar Crescent, Gateshead-on-Tyne (E) Nov. 1907 

Driver, John Wm., 21, Grosvenor Place, North Shields (E) Feb. 1904 

Dymond, C. H., 1, Windsor Terrace, Newcastle-upon-Tyne ... (E) Aug. 1908 



E. 

Edwards, A. G., 29, Argyle Street. Hebburn-on-Tyne 



(8) Nov. 1907 



Farina, Victor, J.P., 27, Crown Street, Newcastle-upon-Tyne ... (E A) Nov. 1905 

Finlay, George, 27, Clayton Park Square, Newcastle-upon-Tyne... (E) Nov. 1902 

Fleming, Tom, jun., Heathfield, Hebburn-on-Tync (8) Dec. 1906 

G. 

Goddard, James Alan, 34, Denmark Street, Gateshead-on-Tyne .. (E A) May 1906 

■Graham, E., Morro House, Tynemouth (S) Nov. 1907 

Green, Fred. Wm., Rutherford College, Newcastleupon-Tyne ... (E) Jan. 1902 

H. 

Haddock, Gilbert Forster, 16, Azalea Terrace South, Sunderland (E) May 1908 

Hamilton, Francis A. W (E E A) Dec. 1905 

Harney, J., 13, Stanley Street, Blyth (S) Nov. 1907 

Harwood. F. A.. Messrs. Santaro Nitrate Co.. Ltd., TalUl, Chili, 

Soutli America (E) Nov. 1907 

Haslam, Ed., 22, St. Geor'^'c's Terrace, Newcastle-upon-Tyne ... (E) Mar. 1907 

Hawthorn, Edwin 1)., 'iS, Falconar Street. Newcastle-upon-Tyne (E) Jan. 1907 

Heckels, Thomas G., 83, Falmouth Roatl, Heaton, Newcastle ... (E) Dec. 1906 
Henderson, Jos(.'j)h Nevison, 60, Woodbine Street, Gateshead- 

upon-Tyne (E) Dec. 1903 

Hill. Aruh^r'^on C , c/o Messi-s. Hawthorn & Co., Ltd., Junction 

Bri.i^re. Leith (E) May 1908 

nu»rgiiis. Walter, 27, Mundella Terrace, Heaton, Newcastle ... (E) Nov. 1907 

Hunter, Summers, jun.. South rres':on Lo<lge, Norfli Shields ... (E) Nov. 1907 



I. 

Inglis, K.. 22, Rosemount, Consett. Co. Durham 



(E) April 1907 



J. 

James, Ciias A.. " Fernleigh,'' Wcstb(nirne R«>a«l. Birkenhead ... (S) Nuv. 1903 
Jennings, K<iward C 3<;, Heaeonsfield Averrue, Low Fell. 

(iateshead-on-Tyne (E) Nov. 1901 

J()hns(.n, John, 17, Osborne Terrace, Carville Iload, Wallsend-on- 

Tyne (E) Jan. 1907 



xliii 
K. 

ELECTED. 

Knight, Stanley C, Moorlands, Highbury, West Jesraond, New- 
castle-upon-Tyne (E) Jan. 1907 

Knoph, R. G., 120, Trewhitt Road, Heat on, Newcastle-upon-Tyne (S) Nov. 1907 

L. 

Lee, Charles R., 71, Lyon Street, Hebburn-on-Tyne (S) Dec. 1906 

Little, John, High Street, Felling-on-Tyne (E) Feb. 1903 

Lovatt, John James, 15, Eingsley Place, Heaton, Newcastle-upon- 
Tyne (E) Jan. 1903 

M. 
MacDonald, Hector Duncan, 6 Park Parade. Westmorland Road, 

Newcastle-upon-Tyne (E A) Jan. 1906 

Mallet. James F., Ivy Road, Gosforth, Newcastle-on-Tyne ... (E) Nov. 1904 

Manners. A. W., 95, Waterloo Road, BIyth ... (E) Nov. 1907 

Markhara, M., 9, Bldon Square, Newcastle-upon-Tyne (E) Jan. 1908 

Matheson, Ian Ross, The Clack, Hebburn-on-Tyne (S) Dec. 1902 

Matthews, John Wm., 15, Hillside, Tunstall Road, Sunderland ... (S) Feb. 1904 

McClelland, W., 14, Oaks West, Sunderland (S) Jan. 1907 

Mountain, Kenneth A., The Hermitage, Gateshead-on-Tyne (E E A) Dec. 1905 

Mountney, Chas. F., 7, Caroline Street, Janow-on-Tyne (E) Feb. 1908 

N. 

Neill, John, B.Sc, c/o Messrs. Scott's S. & E. Co., Ltd., Engine 

Works Greenock (E) Nov. 1901 

Nixon, William, 4, Bath Terrace, Blyth (S) Jan. 1907 

O. 

Osbourne, Thomas B., The Oaks West, Sunderland (E A) Nov. 1905 

Oxberry, John A., 21, Grasmere Street, Gateshead-on-Tyne ... (E) Mar. 1907 

P. 

Pellow, Ernest John, 3, St. Bede's Terrace, Sunderland Road, 

Gateshead-on-Tyne (E) Feb. 1908 

Pike. K. N., 1, Parade Crescent, Walker-on-Tyne (S) Nov. 1907 

Pile, John ' (E) Jan. 1907 

Finder, John, c/o Messrs. Adamsez, Limited, Sanitary Engineers, 

Scotswoo<i-on-Tyne (E) Mar. 1904 

Pledge, Harry, 132, Fairholme Road, Ben well Grove, Newcastle- 

opon-Tyne (E E A) Nov. 1905 

Porter, Norman, 13, Queeos Square, Belfast, Ireland (E E) April 1905 

R. 

Reed. A. P., " Mayfield," Jarrow-ou-Tyne (E) Nov. 1907 

Rec<i, K.. " Mayfield," Jarrow-on-Tyne (E) Nov. 1907 

R/)bin»on. Joseph, 31, Percy Gardens, Tynemoutli (E P) Dec. 1905 

Robinson, William E., 32, Percy Gardens, Tynemouth (S) Nov. 1907 

Rob«on, G., 37. Rothbury Terrace, Heaton, Newcastle-upon-Tyne (S) Nov. 1907 

Robsou, 8. J., 7, Claremont Terrace, Blyth (S) Nov. 1907 

Holland. John, 49, Lovaine Place, Newcastle-upon-Tyne (E) Oct. 1906 

Bontledgc, B. B., 27, Harrison Place, Newcastle-upon-Tyne (E) Nov. 1907 
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s. 



Scott, Keith S, M., B.Sc, Woodcote, Long Benton, near Newcastle- 
upon-Tyne (E) Nov. 1905 

Sedcole, W. J., 17, Westoe Lane, South Shields (E) Feb. 1905 

Sewell, Thomas R.. Highcroft, Whitburn, near Sunderland ... (E) Dec. 1906 

Shackleton, William L. C, 64, St. George's Terrace, West Jesmond (E A) Nov. 1905 

Sims. G. P. W., (E) Nov. 1907 

Smith, Thomas, 15, Eslington Terrace, Newcastle-upon-Tyne ... (E E) Jan. 1906- 

Snowdon, W., 1, Bell Grove Villas, Newcastle-upon-Tyne (E) Nov. 1907 

Stirzaker, Stanley C, 46, Highbury, Newcastle-upon-Tyne ... (E) Nov. 1901 



Talbot-Palmer, Edward, 94, Warwick Road. Romford Road, VVest 

Ham, London (E) Feb. 1904 

Taylor, Hugh L:import, 2, Prior's Terrace, Tynemouth (E) Mar. 1908 

Taylor, John AUibon (E) Feb. 1904 

Todd, Surtees, jun., 2, Egremout Drive. Sheriff Hill, Gateshead ... (E) May 1907 

Tomlin, G. V., 123, Woodstock Avenue, Shawlands, Glasgow .. (E) Nov. 1907 

Treweeks, H. C. Kingsdyke House, North Road, Wallsend-on-Tyne (E) Nov. 1907 

Turner, G.. 4, Queen's Road, Monkseaton, Northumberland ... (E) Jan. 1908 



W. 

Wanlroper, Arthur K., Walker Vicara^'c, Walker-on-Tyne 

Watson, Arthur William, Assistant Constructor, H.M.S. 

'* Dominion," Chatham ... 

Weatherlcy, Norman S., 5, Lynnwood Avenue, Newcastle-upon- 
Tyne 

Webb, Edmund, 15. Oxford Terrace, Gateshead-on-Tyne 

Wcetnian, John II.. 11, Barkeley Drive. S(?:iforth. Liverpool 

White. William, 8. Poplar Crescent, Gateshead-()n-Tyne 

Whiting, W. R. G., B.A., 2, Ripon Gardens, Jesmond, Newcastle- 
upon-Tyne • ... 

WiUon, William, " Lancefield," Kelltield Avenue. Low Fell, 
(lateshead-on-Tyne 

Winstanley, E. G., '>, Ash Phice, Newcastle Koatl, Sunderland ... 

Wood. G., 2, Tiie Crescent, (rate.shead-on-Tyne 



(E) Dec. 1901 

(S) Dec. 1903 

(E) Dec. 1906 

(E) Nov. 1903 

(E P) Nov. 1905 

(S) Nov. 1904 

(S) Nov. 1903 

(E) Feb. 1902 
(S) Jan. 1903 
(E) Nov. 1907 



Voun^'. G., CO Messrs. Donkin k, Co., Engineers, St. Andrew's 

Engine Work.«, Walker Gate, Newcastle-uix)n-Tyne ... (E A) Dec. 1905 
Young, James, :VJ, Westoe Parade, South Shields (S) Oct. 1906 



NORTH-EAST COAST INSTITUTION 



ENGINEERS AND SHIPBUILDERS. 



TWBNTY-FOURTH SESSION, 1907-1908. 



PROCEEDINGS. 



THE FIRST GENERAL MEETING OF THE SESSION, HELD IN THE 
LECTURE THEATRE OF THE LITERARY AND PHILOSOPHICAL 
SOCIETY, WESTGATE ROAD, NEWCASTLE-UPON-TYNE, ON 
FRIDAY EVENING, NOVEMBER 29th, 1907. 



W. H. DUGDALE, Esq., M.Inst.C.FI., President, in the Chair. 



The Secretary read the minutes of the Closing Meeting of 
the previous Session, held on Friday, May 31st, 1907, which were 
confirmed by the members present, and signed by the President. 

The President appointed Mr. Alfred Harrison and Mr. 
R. H. Muir to examine the voting papers for new members, and 
the following gentlemen were declared elected : — 

MEMBERS. 

Blackwood, M., Lloyd's Surveyor, Messrs. Lloyd's Register of Shipping, 
Maritime Buildings, Dundee. 

Burnett, Edward J., Engineer, c o Messrs. H. Watson & Sons, High Bridge 
Works, Walker Gate. 

Elliott, E. E., Consulting Engineer, 31, Via S. Spirits, Florence, Italy. 

Fawcus, Walter, Engineer Draughtsman, 110, Sandyford Road, Newcastle- 
upon-Tyne. 

Hamilton, H. P., Engineer, Beech Holme, Imperial Avenue, Norton -on -Tees. 
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Hardy, Ed., Shipbuilder, 8, Sussex Street, Jarrow-on-Tyne. 

Johnson, Alfred, Consulting Engineer, Victoria Buildings, Stockton-on-Tees. 

Johnson, Charles, Engineer Draughtsman, 27, Charles Street, Heaton, 
Newcastle-upon-Tyne. 

McKenzie, James, Engineer, 1 1, Hohiiwood Grove, West Jesmond, Newcastle- 
upon-Tyne. 

Milne, W. J., Supt. Engineer, 18, Kirton Park Terrace, North Shields. 

Prest, O. S., Engineer, 29, Eldon Street, Newcastle-upon-Tyne. 

Ritson, Cuthbert, Shipwright, 5, Middleton Street East, Watcfrloo, Blyth. 

Watson, Jacob, Surveyor, 12, East Avenue, Long Benton, Northumberland. 

Welch, J. J., Naval Architect, The Hollies, Westfield Avenue, Gosforth, 
Newcastle-upon-Tyne. 

Wilson, W. J., Shipbuilder, Messrs. William Crighton & Co., Engineers and 
Shipbuilders, Abo, Finland. 

GRADUATES TO MEMBERS. 

Bedliiigton, A. S., Shipbuilder, 15, Stanhope Road, South Shields. 

Hobson, J. W., Locomotive Draughtsman, 53, Bishop's Road, Ben well, 
Newcastle-upon-Tyne. 

Knight, R. C, Ship Draughtsman, 19, Highbury, West Jesmond, Newcastle- 
upon-Tyne. 

Slee, Herbert T., Marine Engineer, ** Underwood," Beaconsfield Road, 
Gosforth, Newcastle-upon-Tyne. 

ASSOCIATE. 

Ncttleship, G., Assistant Secretary, 39, Trent Street, Norton Road, Stock- 
ton-on-Tees. 

GRADUATES. 

Champness, E. L., Sliip Draughtsiimn Apprentice, 35, Eskdale Terrace, 
Jesmond, Newcastle-upon-Tyne. 

Champness, E. T., E. Ai)preutice, 35, Eskdale Terrace, Jesmond, Newcastle- 
upon-Tyne. 

Clark, Ewbank, E. Apprentice, 40, Burdon Terrace, Newcastle-upon-Tyne. 

Daglish, <i , K. Apprentice, Eiist Villa, The Green, Wallsend-on-Tyne. 

Dent, E. L., K. Api)rentice, St. Luke's Vicarage, Wallsend-on-Tyne. 

l)ent<m, R. A. K., E. Apprentice, 9, Poplar Crescent, Gateshead -on -Tyne. 

Davis, R. N., S. Apprentice, 10, St. (ieorge's Terrace, Jesmond, Newcastle- 
ui)on-Tyne. 

Dymond, C. H., E. Apprentice, 1, Windsor Terrace, Newcastle-upon-Tyne. 

Edwards, A. (J., Ship Draughtsman, 29, Argyle Street, Hebburn-on-Tyne. 

<Jraham, E., Shipbuilder Apprentice, Morn House, Tynemouth. 

ifarney, J., Ship Drauglitsman, 13, Stanley Street, Blyth. 

Harwood, F. A., E. Student, 7r>, Thornton Street, West Hartlepool. 

Hunter, Summers, jun., E Apprentice, South Preston Lodge, Xorth Shields. 

Johnstone, S. H., Ship Drauglitsnian Apjirentice, 3, Balmoral Gardens, Monk- 
seaton. 

Knoph, R. <;., Ship Draughtsman 2, Alexander Strec^t, Xewcastle-upon-Tyne. 

Manners, A. W., Engineer and Draughtsman, 95, Waterloo Roail, Blyth. 

Pike, F. N., Ship Draughtsman, 1, Parade Crescent, Walker-on-Tyne. 
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Reed, A. P., E. Apprentice, ** Mayfield/' Jarrow-on-Tyne. 

Reed, E., E. Apprentice, ** Mayfield," Jarrow-on-Tyne. 

Robinson, William E., Shipbuilder Apprentice, 32, Percy Gardens, Tynemouth. 

Robeon, 6., Shipbuilder Apprentice, 3, Cheltenham Terrace, Heaton, New- 
castle-upon-Tyne. 

Robeon, S. J., Ship Draughtsman Apprentice, 7i Claremont Terrace, Blyth. 

Routledge, R. B., E. Apprentice, 27, Harrison Place, Newcastle-upon-Tyne. 

Sims, G. P. W., Engineer and Draughtsman, 82, Meldon Terrace, Heaton, 
Newcastle-on-Tyne. 

Snowdon, W., Engineer, 1, Belle Grove Villas, Newcastle-upon-Tyne. 

Treweeks, H. C, E. Apprentice, Kingsdyke House, North Road, Wallsend- 
on-Tyne. 

Tomlin, G. V., E. Apprentice, 1, Windermere Street, Gateshead-on-Tyne. 

Wood, G. , E. Apprentice, 2, The Crescent, Gateshead-on-Tyne. 



DEATH OF A MEMlJEll. 

The President said — It is with very much regret that I have 
to state that Mr. J. C. Stirzaker, who was one of the founders 
and first members of the Institution, and also for many years a 
member of Council, died suddenly on Sunday last (November 
24th). 



Ilie Secretary submitted the report of the Council on the 
work of the Twenty-third Session, 19()(i-19()7 : — 
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COUNCIL llEPOBT. 



(TwEXTY-TiiiRj) Session, 1900-1907.) 



The Twenty-third Session of the Institution was opened on 
Friday, October 2Gth, 1900. The new President, Mr. W. H. 
Dugdale, was duly installed by the immediate Past-President, 
The Right Hon. Lord Armstrong, and delivered his Inaugural 
Address. 

During the Session the following papers were read and dis- 
cussed : — 

Papers. 

**On the Training of Cadets for the Mercantile Marine." By Mr. J. 

Denholm Young. 
*' Suggested Method for Experiments on the Wind Resistance of Ships." 

By Mr. F. H. Alexander. 
"The Application of Machinery to the Driving of Pumping Engines and 

Graving Docks." By Mr. W. C. Mountain. 
* * Marine Steam Turbine Development. " By the Hon. C. A. Parsons and 

Mr. R. J. Walker. 
" Trim Curves." By Mr. A. E. Long. 

'* Sectional Work in Ship Construction." By Mr. J. L. Twaddell. 
"Some Experiments on the Magnetic Character of Vessels." By Capt. 

W. Bartling. 

Gold Medal. 

The Engineering Gold Medal for the Twenty-second Session 
was presented to Mr. J. Mitchell Moncrietf for his veiy interest- 
ing and instinctive paper on ** (■ommercial Diy J)ocks." 

Dinner. 

The Institution dinner was held in Xewcastle-upon-Tyne on 
Friday, December 7th, 19()(). There was a good attendance of 
members and guests. 



6 council report. 

Lloyd's Committee. 

The term for which the representatives of this Institution 
had to serve on Lloyd's Technical Sub^Committee having expired, 
the Council was called upon to elect four representatives to sei-ve 
for a further period of four years. The following gentlemen 
were elected : — 

Shipbuilders — Mr. W. H. Dugdale and Mr. Henry Withy. 
Engineers- — Mr. Summers Hunter and Mr. Andrew Laing. 

A brief summary of the proceedings of the Sub-Committee 
during the last four years having been submitted, it was printed 
and inserted in the twenty-third volume of the Transactions of 
the Institution.* 

Board of Trade Committee. 

The Report of the work of the Consultative Committee ap- 
pointed to confer with the Marine Department of the Board of 
Trade for the year ended 5th March, 1907, not having been 
received prior to the publication of volume xxiii. of the Trans- 
actions, it is now appended to this Council Report.! 

New Offices. 

It being considered a^lvisable that steps should be taken to 
secure more suitable accommodation for the Institution, also that 
the Institution should, if possible, have its offices and rooms in 
the same building as those of tlie Federated Employers' Associa- 
tions ot Engineers and Shipbuilders, a committee wa^j appointed 
to meet the representatives of the above Associations to consider 
• the question of obtaining suitable premises. The labours of this 
joint committee have extended over a period of two years. The 
Newcastle-upon-Tyne Literarj^ and Philosophical Society having 
oft'ered to erect a building adjoining their premises, to meet the 
necessarj^ requirements, the above Associations accepted the oft'er 
and have agreed to lease the premises for a terai of years ; and the 
Council of this Institution has agreed that the Institution shall 
become sub-tenants of the above Associations and shall pay to the 
Associations an annual sum to cover rent, rates, cleaning and all 
general charges. 

• TrauMa<:tiont< X.K.C. Insf. of E, «!• »S'., vol. xxiii., p. 113. 
t See page 15. 
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Scholarship. 



Shortly after the deliveiy of his Inaugural Address, the Pi*esi- 
dent (Mr. W. H. Dugdale) addressed a circular letter to various 
friends and members of our Institution, asking them to subscribe 
towards a fund to provide a Scholarship for deserving Graduates 
of this Institution. This has met with a cordial response, and 
the following gentlemen have been appointed a committee to 
carrj^ out the scheme in its entirety : — 

Chairman — Mr. W. H. Dugdale. 

Tinistees — Mr. William Boyd, Sir W. Theodore Doxford, Mr. 
Henry Withy. 

Tyne and Blyth — Messrs. G. J. Carter, Summers Hunter, 
H. B. Eowell, W. G. Spence, 11. L. Weighton, R. Saxton 
White. 

Wear — Messrs. Henry Clark, F. Dickinson, Hugh Laing, 
James Marr. 

Tees and Hartlepools — Mr. D. B. Morison. 

The Committee has not completed its labours. A sum of 
il,'JOO has already been invested and a further appeal is now 
made to the general body of members with a view to increase 
this amount and enhance the value of the scholarship. 

Marine School. 

A letter was received from tlie Secretary of the Board of 
Education, South Kensington, London, enclosing a. copy of the 
scheme drawn up by the Board of Education for the administra- 
tion of the foundation of the Marine School of South Shields 
and asking our Institution to appoint a representative on the 
governing body. The Council has appointed Mr. Harry 
Eltringham to act as representative of tliis Instituticm. 

CoXSTITlTIOX AND ByK-LAWS. 

In order to comply with the rcfjuirements of Act (i and 7 
Vict. (tap. u(), exempting this Institution from the payment of 
rates, etc., a slight alteration has been mac "^ of the 

Constitution and the following new Bye- 
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47. — The Income and Property of the Institution, 
whencesoever derived, shall be applied solely towards the 
promotion of the objects of the Institution as set forth in 
Constitution II., and no portion thereof shall be paid or 
transferred directly or indirectly by way of dividend, divi- 
sion or gift, bonus in money, or otherwise howsoever, by way 
of profit, to the persons who at any time are or have been 
Members of the Institution, or to any of them, or to any 
person claiming through any of them. 

Provided that nothing herein shall prevent the payment 
in good faith of remuneration to any Officers or Servants of 
the Institution, or to any Member of the Institution, or 
other person, in return for any services rendered to the 
Institution. 

The following addition has also been made to Article IX. of 
the Constitution: — 

** The Chairman of the Graduate Section shall be ex-officio 
a Member of the Council with power to vote." 

Conversazione. 

The Secretary having received letters and . also personal 
opinions from various members of the Institution expressing 
their disapproval of each President being called upon to give a 
Conversay.ione during his term of office, the matter was brought 
before the Council, and having been fully considered, it was 
unanimously resolved *' tliat in the future no ' Presidential Con- 
versazione ' shall be given or held." 

Finances. 

The financial statement for the year ending 31st July, 1907, 
is appended to this repoi-t. The Council regrets having to state 
that the sum of £20 9s. Gd. for subscriptions in arrears has been 
written oft' as irrecoverable and in addition there is still due to 
the Institution the sum of £61 Ss. 6d. for unpaid subscriptions 
for the last year. 

Xkw Members. 

During the year the following additions have been made to 
the roll of members : — Two Honorary Members : The Principal 
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of the Armstronig College (Sir Isambard Owen, D.C.L., M.D.) 
ana Sir Philip Watts, K.C.B., F.R.S. ; 1 Life Member, 57 Mem- 
bers, 4 Associates, 26 Graduates, and 14 Graduates have passed 
into the Members' Section. 

Deaths. 

The Council regrets having to record the loss by death of the 
following: — ^Members: Charles H. Bailey, Newport, Mon.; 
L. M. Bodin^ Sunderland; Charles Brockett, Hull; William 
Dobson, Newcastle-upon-Tyne; Ernest G. Gearing, Leeds; P. 
Micheli, Genoa ; and James Rowan, Glasgow. Associates : John 
Brunton, Tynemouth ; A. Fellows, Jarrow-on-Tyne ; and Sir J. D. 
Milburn, Bart., Newcastle-upon-Tyne. 

Resignations. 

The Institution has also lost by resignations and other 
causes: — 40 Members, 11 Associates, and 23 Graduates. 

The total number of members now enrolled is as follows : — 



Honorary Members ... 


7 


Life Members 


8 


Members 


835 


Life Associates 


2 


Associates 


110 


Graduates 


83 



1.045 



The C-ouiicil desires every Member to use his influence towards 
promoting the objects of the Institution by regularly attending 
the Meetings, contributing papers, or taking part in the discus- 
sions, and by introducing new Members. 



GRADUATE SECTION. 

The Eighteenth Session of the Graduate Section was opened 
on Saturday, October 27th, 1900. The Chainnan (Mr. H. 
Jasper Cox) delivered an interesting address on " The Equipment 
and Arrangement of a Modern Shipbuilding Yard," and during 
the Session the following papers were read and discussed : — 
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Papers. 

** The Structural Development of the Cargo Steamers." By Mr. Maxwell 

Ballard. 
'* High-speed Steam Engines for driving Electric Generators Direct.** By 

Mr. \V. J. Sedcole. 
** V^ibrations in Steamships.*' By Mr. A. \V. Watson. 
** Some Notes on Freeboard." By Mr. A. L. Ayre. 
"The Modem Locomotive Boiler.** By Mr. J. W. Hobson. 

The attendance at the General Meetings showed a perceptible 
increase over that of the previous Sessions. 

The following awai-ds were gi-anted to the authors of papers 
read before the Section during the Seventeenth Session: — 

The sum of £4 to Mr. J. Neill for his paper on ** Producer Gas for Power.*' 
The sum of £3 to Mr. Kenneth Watson for his paper on "Notes on Natural 
and Mechanical Draught." 

Tlie former paper by Mr. J. Neill was published in the 
twenty-third volume of the Tninsavtions of the Institution. 

Works Visitki). 

The following engineering and shipbuilding works were 
visited : — 

Messrs. the North Eastern Railway Co.'s Locomotive Works, Gateshead. 

on-Tyne. 
Messrs. Palmer & Co.*s Shipbuilding and Ironworks, Jarrow-on-Tj-ne. 
Messrs. Hawthorn, Leslie & Co.'s Locomotive Works, Newcastle-upon-Tyne. 

The thanks of the Institution are due to the principals and 
ofticials of these establishments for the kindness extended to the 
junior members and the interesting manjier in which they were 
conducted through the various works. 

The Committee of the Section desires to place on record the 
appreciation of tlie Graduate members of the privih^ge granted 
to them by giving their Chairman a seat on the Council of the 
Institution. 

Mr. Hugh Campbell has Ix^en eh^cted Chairman and Mr. 
W. J. Sedcole Hon. Secretary- for the current (Nineteenth) 
Session. 
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12 FINANCIAL STATEMENT. 



NORTH-EAST COAST INSTITUTION OF 
STATEMENT op RECEIPTS and PAYMENTS 



'Keceiptd. 

£ 8. d. £ 8. d. 

To Balance at, Bank brought from last Account ... ... 487 10 8 

„ Subscriptions received for Session 1906-1907 — 

219 Members at £2 2s £459 18 

589 Members „ £1 Is 618 9 

115 Associates „ £1 Is 120 15 

82 Graduates „ lOs. 6d 43 1 

1,242 3 

1,005 

„ Association of Foremen Engineers and Draughtsmen — 

One year'ii SiibBcriptiou 20 

„ Life Meuiber-J. MucHume 21 

„ ArreskfH from Scsftiisii 1905-1906 — 

11 Members at £2 2s £23 2 

38 Members „ £1 Is 39 18 

3 Associates „ £1 Is 3 3 

2 Graduates „ 10s. 6d 110 



67 4 



„ Transactions sold this Session 33 3 4 

„ Copies of Members* Papers supplied 24 10 8 



■1,350 7 



57 14 



Adv<*rti*eniGnta ... ... * ... ... ..... 67 3 

Tyiic Irnproveuieut Commissioners — 

One Year's Interest to 21st June, 1907, on £605, at 3^ 

per cent. ... ... ... ... •* ••• ••• 21 3 6 

Viz.:— Medal Fund ... ... £274 

Graduates' Award and Life 

Members' Fund 331 



£605 



Less — Income Tax 112 

One Year's Interest to lOfb July, 1907, on £500, at 3f 

per cent 

//«**— Income Tax 

One Year's Interest to 4th May, 1907, on £300, at 3 

per cent 

Le**— Income Tax 

One Year's Interest to 13th July, 1907, on £300, at 3i 

per cent. . 

Less — Income Tax ... 

One Year's Interest to 9th June, 1907, on £300, at 3^ 

per cent ... 

Less — Income Tax 

One Year's Interest to 8th May, 1907, on £300, at 34 

per cent 

Less — Income Tax 

One year's interest to 5th May, 1907, on £300 at 4 

per cent 

ie**— Income Tax 



General Capital Invested .. £2,000 



18 15 
18 



8 


20 2 
17 16 

8 11 

9 5 
9 5 
9 19 

11 8 


4 
4 

4 
4 
6 



9 
9 






9 15 
9 




8 


9 15 
9 



8 


10 10 
10 



6 


12 
12 








£2, 




030 2 


6 
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ENGINEERS AND SHIPBUILDERS. 
TOR Session ending 81st July, 1907. 



pai?ment6. 

Bj Transactions and Papers — £ s. d. £ s. d. 

Lithogpraphing 77 15 6 

Printing and Bindinf? 222 8 1 

300 3 7 



„ Stationery and Circnlars 87 9 9 

„ Reporting 20 10 

„ Rents — 

Offices and Electric Light Fittings 112 12 9 

Lectnre Rooms and Assembly Rooms 17 2 

Telephone 7 15 

137 9 9 

„ Rates, Gas, Electric Light, and Insurance... 4 12 6 

„ Salaries — 

Secretary, Salary 400 

M Commission 66 10 4 

Assistanto' 65 



631 10 4 

„ Representative on Institute of Civil Engineers* Educational Committee 15 15 

„ Postages, Stamps, Post Cards, I'arcels, etc 126 18 1 

„ Secretary's and Office Expenses, Coal, Cleaning, etc. ... 70 2 10 

„ Measured Mile PosU— Rent 6 6 

„ Auditors' Fee 5 5 

„ Lantern Expenses 3 7 6 



211 19 5 



Library Account — 

New Books 9 5 

Bookbinding 8 3 4 



17 8 4 

„ Additions to Transactions 17 6 

„ Gold Medal Fund- 
Gold Medal awarded 5 10 

„ Awards to Graduates 7 

„ Furniture Account — 

Additions 4 15 6 

., Balance at Bank 694 10 



£2,039 2 6 
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The President, haying invited any remarks or questions, 
and there being none, declared the report and financial statement 
adopted. 



The Secretary submitted the report of the work of the 
Consultative Committee appointed to confer with the Marine 
Department of the Board of Trade for the year ended 5th Man*h, 
1907. 

The President (Mr. W. H. Dugxlale) delivered his opening 
address. 

Mr. J. H. Heck read a paper on '* Notes on the Effect of 
Work and Time on the Properties of Mild Steel and Iron." 
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REPORT OF THE WORK OF THE CONSULTATIVE 
COMMITTEE APPOINTED TO CONFER WITH THE 
MARINE DEPARTMENT OF THE BOARD OF TRADE, 
FOR THE YEAR ENDED 5tii MARCH, 1907. 

The following matters have omerg-ed, and have been dealt 
with, or have been considered by this Committee since the date 
of their last Report : — 

Mr. Lloj'd-George, the President of the Ik>ard of Trade, hav- 
ing, during the progress of the Merchant Shipping Bill through 
the House of Commons, intimated his intention of foiming one 
Grand Committee or several Divisional Committees, to advise 
tie Board of Trade on matters relating to Shipbuilding, Marine 
Engineering and Shipping, the Secretary of this Committee, by 
their instructions, wrote to Mr. Lloyd-George explaining very 
fully the objects, history-, and position of this Committee. 

This was followed up by a Deputation to Mr. Lloyd-George 
on 24th October last, and the proposal that the New Advisory 
Committee proposed by the President to deal with Shipbuilding 
and Engineering matters could, with advantage, be constituted 
on similar lines to this Committee seemed to commend itself to 
his favourable consideration. 

When the Merchant Shipping Bill became Law the Board 
of Trade, under Section 79 of the Act ** The Merchant Shipping 
Act, 190(],'' got i)Ower to appoint Advisory Committees; and the 
subject of the forpiation of such Committees is at present under 
consideration by the President. 

Mr. Seaton, the Chairman of this Committee (who with Mr. 
D. J. Dunlop, the Vice-Chairman, addressed the President at 
the interview), took 'the opportunity of pressing the question of 
getting written approval from the Board of Trade to Boiler .and 
other Plans submitted to them, and it was agreed by Mr. Howell, 
the Assistant-vSecretiiiy Marine Department Board of Trade, who 
was present, that this should be done — the matter having 
received the approval of ^Ir. Lloyd-George. 

This questitm (which is a very important matter with Engin- 
eers and Shipbuilders) has received much attention from this 
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Committee, and a good deal of correspondence on the subject has 
passed with the Board of Trade, but it is hoped that the question 
has at last been settled ; and that it is not out of place under the 
eircumstances to refer to it at this stage of the Report. 

The Consultative Committee formerly understood that legis- 
lative sanction would be required by the Board of Trade before 
such written approval could be given by them, and clauses which 
this Committee considered would be necessary were after a good 
deal of work framed during the passing of tbe Merchant Ship- 
ping Bill through the House, to be added to the Act, by Mr. 
Seaton and Mr. Adamson with the assistance of other Members 
of this Committee, but the Permanent Secretary and President 
of the Board of Trade seem to consider that the Department 
already possessed the power. 

On 27th December last the Board of Trade — stating that the 
provisions of the Merchant Shipping Act with regard to Advisory 
Committees do not come into force until June next or they 
would have referred the matter to such a Committee — forwarded 
for the observations or suggestions of this Committee certain 
Draft Regulations which the Board proposed to issue under 
Section 10 (which deals with the loading of Timber) of " The 
Merchant Shipping Act, 1906,'' with the least possible delay. 

The principal points in which the new law differs from the 
old are that heavy wood goods are allowed to be carried under 
certain conditions as deck cargo, and that an increased amount 
of light wood goods is also allowed to be carried in cei-tain cases. 

Heavy wood goods, however, under Section 10 (2) (b), can 
only be carried in such classes of ships as may be approved by 
the Board of Trade for the purpose, and under Section 10 (2) (c) 
they must be loaded in accordance with Regulations made by 
the Board of Trade. Further, in the case of ligbt wood goods it 
is necessary under Section 10 (3) (c) to comply with Regulations 
to be made by the Board of Trade for the protection of the crew. 

The matter was at once dealt with, and the observations of 
this Committee on the Regulations were communicated to the 
Board of Trade. 

On 15th February last the Board of Trade wrote to this Com- 
mittee transmitting for their information a copy of the Rules 
made by the Department on the subject, but adding that owing 
to the limited time available it had not been possible to consult 
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an Advisory Committee with regard to the new Rules (which 
came into effect on the 7th of February), and that the Board 
proposed to lay the Rules before such a Committee before next 
winter, when suggestions made to the Board, but for various 
reasons not now adopted, will be presented for further considera- 
tion. 

This Committee some time ago very thoroughly considered the 
question aa to the furnishing of Plans of Pumping AiTangements 
to the Board of Trade, but the question as to the fitting of Hand 
Deck Pumps as required by the Board of Trade and Lloyd's in 
the Holds and Engine and Boiler Spaces of large Steamers was 
raised quite recently by a large Shipbuilding Firm. The Com- 
mittee consider that these Pumps are practically useless and that 
they should be dispensed with. The matter was exhaustively 
dealt with in the last report of the Committee (vide pages 2 and 
3), but the Committee offered, if wished, to again approach the 
Board of Trade on the Subject. The Firm refeiTed to, however, 
do not appear to object to the matter being deferred. Probably 
it may form one of the matters for consideration by the New 
Advisory Committee. 

QuCvStions as to the Measurement of Tonnage have from time 
to time occupied the attention of the Committee and of their Sub- 
Committee on Tonnage. 

A question raised by a Scottish Firm of Shipbuilders as to 
the inclusion in tonnage of Hopper Barges and like vessels of 
Water Ballast Compartments in side wings and exemption of 
Peak Ballast Tanks, after consideration by the Committee, was 
remitted to the Sub-Committee on Tonnage. 

That Sub-Committee were of opinion that spaces to all intents 
and purposes similar have been exempted in the cases of certain 
ships built by Messrs. Sir Raylton Dixon & Co., Ltd., under their 
Patent and others, and they recommended the Firm to approach 
the Board of Trade themselves referring to these cases. 

In a case referring to tonnage of shelter deck vessels, the 
Committee have expressed an opinion in a question raised by a 
Firm of Shipbuilders on the North East Coast as to the refusal of 
4e local surveyor of the Board of Trade to exempt shelter deck 
space from tonnage if coaming of tonnage opening was more 
than 12 inches above shelter deck, that such refusal was not 
Aonable seeing that these spaces aiv not measured into 

2 
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tonnage, and the policy of the Board of Trade is to prevent them 
from being fit to carry dry and perishable goods, while they are 
covered sufiiriently for the safety of the ship. 

The subjects following have been previously under the con- 
sideration of the Committee — or subjects which were in close 
connection with them have already engaged their attention. 

The reduction of Weight of Stays in Boilers and reduction of 
Scantlings is still under consideration, but with the exception 
that the Deputy Chairman, Mr. D. J. Dunlop, has prepared a 
statement as to the details for Marine Boilers as demanded by 
Lloyd's, the Board of Trade and the British Corporation, this 
Committee have nothing further to report but hope that the mat- 
ters will receive attention as soon as an Advisory Committee is 
appointed by the Board of Trade, and the Board of Trade, 
Lloyd's, and the British Corporation have ended their conference 
on this question. 

The conditions which this Committee considered should be 
fulfilled before an Engineer is eligible as a Candidate for a 
Board of Trade Certificate, and which appear in the last report, 
were, as therein stated, submitted to the Board of Trade, but 
your Committee regret that they have failed to convince the 
Board of Trade of the propriety of the proposals respecting the 
training of seagoing Engineers, and they feel powerless at the 
present time to re-open the question. The Committee, how- 
ever, trust that when the new Advisory Committee to be ap- 
pointed by the Board of Trade have got into working order, 
the question will be again considered, and the views of those 
interested impressed on its members. 

It should be added that the l^oard of Tnule, on 10th April, 
190(), sent for the observations of this Committee a Bill which 
the Marine Engineers' Association had presented t-o them for 
their considei'ation. 

The receipt of the Bill, and also that each of the three Scien- 
tific Institutions had referred the Bill to this Committee, by 
whom it had been referred to their Sub-Committee on the train- 
ing of Marine Engineer Apprentices, was duly intimated to the 
Board of Trade. 

The matter is still under consideration, but this Committee 
have already, as above stated, submitted to the Board of Trade 
the conditions which this Committee considered should be ful- 
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filled before an Engineer is eligible as a Candidate for a Board 
of Trade Certificate, and a repoi-t to a similar effect upon the 
proposed Bill was duly made to the Board. 

The Committee have been in communication with the Board 
of Trade on the position of the Lamp Room in Steam Fishing 
Vessels, and sanitary arrangements on board of these ships, and 
they have again pressed the desirability for uniformity of prac- 
tice among the Surveyors, as far as possible, on the Board of 
Trade. 

A copy of the last letter from the Board of Trade on the 
subject was recently communicated to those interested. 

The Committee have also been in communication with the 
Board of Trade on the subject of Fitting Freeing Ports in shelter 
'tween decks, and on a further question raised by a Scottish firm 
as to the thickness of Cabin Flooring, and on some other ques- 
tions which have been dealt with nioi-e or less in previous 
Reports. 

On the question of Poop Openings, reports as to the practice 
of Shipbuilders in the Tyne, Wear, and Clyde districts have been 
obtained, and have been under consideration by the Committee. 

A question raised by a firm on the North Plast Coast as to a 
request by the Board of Trade for complete designs of Turbines 
when Special Certificates are required was considered, but the 
firm afterwards intimated that they desired that the question 
mig^ht lie in abeyance at present. 



The Institution is represented on this Committee by the 
following gentlemen : — 

Shipbuilders — Mr. W. H. Dugdale and Mr. George Jones. 
Engineers — Mr. J. H. Irwin and Mr. 1). B. Morison. 
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PRESIDENT'S OPENING ADDRESS. 



[Delivered on November 29th, 1907.] 



The President (Mr. W. H. Du^dale) said — ^You have just 
received the report of your Council for the Twenty-third Session, 
by which you will observe that the Institution is still doing good 
work in the interest of the industries we represent, and can do 
still greater work if we all realise its necessity. 

There are a few points in the report to which I would like 
to draw your attention. We refer to the fact that your Council 
has appointed four representatives to serve for a further period 
of four years upon Lloyd's Technical Sub-Committee. When 
this Institution, during the Session 1887-1888, undertook to 
co-operate with the Institution of Naval Architects and the Insti- 
tution of Engineers and Shipbuilders of Scotland to obtain a 
better re]>resentatioii upon Lloyd's Committee, it wa« regarded 
by that Committee as au organised opposition to their rules, but 
gradually they realised that the intention of the Institutions 
was not to oppose their rules per sc, but to assist Lloyd's Com- 
mittee in their deliberations, when from time to time it has been 
found necessary to alter or modify the regulations for the con- 
struction of ships and machinery by the experience we are able 
to obtain in our various districts, so that now I think it will be 
generally admitted that this 'J^echnical Sub-Committee has 
proved to be to the mutual advantage of Lloyd's Registry and 
ourselves. 

The next point referred to h the Consultative Committee 
appointed to confer with the Board of Trade, an<i so that you 
may know how that august Iwdy is constituted, I will give you 
one or two extnicts from the report of the Committee appointed 
to consider the position and duties of the J^oard of Trade and (►f 
*^ Local Government Board, and dated 10th May, 1904, viz.: — 
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*' The present coiuiitation of the Board of Trade dates from 17S6. In that 
year a Committee of Council was created ' for the consideration of all matters 
reUting to Trade and Foreign Plantations/ and the following were appointed 
memljers of it :— 

The Archbishop of Canterbury. 
The First Lord of the Treasury. 
The First Lord of the Admiralty. 
7*he Principal Secretaries of State. 
The Chancellor of the Exchequer. 
The Speaker of the House of Commons. 
Such Privy Councillors as hold any of the following offices, viz. : — 
The Chancellor of the Duchy of Lancaster. 
The Treasurer of the Navy. 
The Master of the Mint. 
Also:- 

I'he Speaker of the Irish House of Commons. 

Such holdeni of office in Ireland as are Priv^' Councillors in England. 
Ten other meml^rs sjiecitied by name. 

At the same time a President and Vice-President were appointed. 
It appears to us evident that the above constitution is obsolete and we do 
not recr^mmend its continuance. 

We understand that the Hoard of Trade never meets, and that the responsi- 
bility for the conduct of its buHiueMii rests upon the President." 

However, I am not ^^oing" to g'ive you a paper upon the 
inetiio(Ls, pKK-edure, etc., oi the Board of Trade, but wish to 
point out that your Council thoroughly realises the necessity for 
reform; ihiit sufficient jiotice of any alterations in rules and 
regulations should be given to engineers and shipbuilders; that 
greater uniformity in the administration of Board of Trade rules 
should obtain in the various ports, and that the T-onsultative 
CommiUee which repn».sents the en.gfineers and shipbuilders of 
the country should ])e recognised in a more authoritative manner 
than it is a( present. We have endeavouied to get this Com- 
mittee rerogn is(;(l as a Statutory Cojum it tee under the Merchant 
Shipping Act Amendment Bill, 1900, but, so far, have been 
unsuccessful; how(;ver, the Presidfuit of the Board of Trade has 
certain powers undc^r the Act just referred to, iuid as he is taking 
an active interest in his department, \ve hoj>e that the disabilities 
we have experienced will ])e removed. 

The next point I wish to refer to is the Institution Scholar- 
ship Fund, and I am glad to say that we now have £1,500 in- 
vested in the names of the three trustees of the Institution, and 
next SoptemlKjr we shall be able to offer a scholarship of £50, 
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tenable at the option of the Council, for two years to some deserv- 
ing graduate, desirous of obtaining his degree in Engineering or 
Naval Architecture. 

The first scholarship will be open to the student who obtains 
the best marks, irrespective of district, in the North-East Coast, 
and whether he be engaged in enginoering or shipbuilding. 

After that the scholarship will be awarded bi-annually until 
the Institution has sufficient funds to grant one annually, and 
will be awarded to students in engineering and naval architec- 
ture alternatively, and also in rotation in the various districts in 
the North-East Coast as far as practicable. 

We intend to keep the subscription list open in the hopes 
that more members and friends will respond to our appeal and 
enable us to award two scholarships, not only as an incentive to 
our apprentices to become Graduates of the Institution, but also 
to qualify themselves for higher positions in their profession. 
Details of the scheme will be forwarded to the Graduates and 
others as soon as they have been adopted by the Council. 

You will also note, upon reference to the Council Report, 
that arrangements have been made to obtain more suitable ac- 
commodation, and that we have arranged to take rooms in the 
building now being erected for the Engineers and Shipbuilders' 
Associations. This, we hope, will bring the Institution into 
close relationship with the principals of the works on the North- 
East Coast and prove beneficial. 

Our present Session looks encoura^iufj:, as we already have 
several papers promised, and your Council hopes that the attend- 
ance will be better and that we shall have good discussions. 

The Institution has lost during the Session through various 
causes 74 Members, Associates and Graduates, the total numl)er 
now being 1,045, but I am glad to say that we commence our 
new Session with 48 applications for membership in the various 
grades, so that we shall start again with a membership of prac- 
tically 1,100, which we hope will soon be further increased. 

I am very glad that the Graduate Section had such a suc- 
cessful Session last winter, and hope the current Session will 
be still more so, and I am sure that you will at once realise that 
your Council haa acted wisely in giving the Chairman of the 
Graduate Section a seat on the Council with power to vote in 
Older that the Graduates may be more closely in touch with us. 
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In view of tBe active interest taken by this and kindred 
Institutions in the Naval Enjj^neer question, I have received 
a f^rc^at number of roquosts from all parts of the kingdom to 
give a brief report on the progress which has been made by the 
Admiralty towards the solution of this national problem. You 
will remember that prior to 1902 the naval engineer branch of 
the service was so unsatisfactory and so unpopular that, not- 
withstanding unusual efforts on the part of the Admiralty, en- 
gineers refused to enter this branch of the service and candidates 
for the official examination fell to zero. Such an alarming state 
of affairs was ample proof that something was radically wrong 
with the Admiralty policy regarding the engineer branch, and, 
as you know, Mr. 1). B. Morison laid before this and other Insti- 
tutions a series of papers which thoroughly aroused professional, 
public and parliamentary interest throughout the kingdom and 
indeed throughout the empire. 

As a result of combined parliamentary and professional depu- 
tations to the First Lord of the Admiralty, the new scheme of 
naval training was promulgated by Lord Selborne at the end 
of 1002. This sch(?ni(j completely revolutionized the previous 
system, in that it recognized the importance of engineering 
training and made such training the biisis of future naval edu- 
(»iitioii : and it also promised retorujs with reference to the exist- 
ing personnel, with the object, presumably, of giving effect to 
what engineers both inside and outside the seiTice had been 
for years advocating in the interests of naval efficiency. In 
view of this appiircjit appreciation of engineering by the Admir- 
alty, and their apparent desire and intention to deal with the 
mutter in a strai^rht forward and thorough manner, this and 
i»ther Institutions decided t(» await developments, and felt con- 
tident in the hope that tinditional prejudice against the engineer 
branch of the service would at last not he allowed to prejudice 
the solution of this national prol>lem on the lines of maximum 
etiicieney. It i^ impossible in these few notes for me to lay 
betore yt>u the inner history of the past few years, but briefly 
I may say that o\ir contidence appear^ to have been misplaced, 
as {\\v >ol\ition ha> again been bloeketl by that traditional animus 
whi(*h lia^^ \intorti nately been associated with this subject ever 
siiue the iiiln^lurtiou ot si ram into the Navv. It is true that a 
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new scheme, but liistory will prove once again that the country's 
engineers are better qualified to estimate the influence of engineer- 
ing on naval efficiency than are the non-technical officers of the 
executive branch, who have given such continuous evidence 
of their traditional hostility to engineering recognition and 
engineering reform. The Institutions, you will recollect, 
advocated an independent corps of Royal Naval Engineers, who 
would be trained as engineers and who would devote their whole 
lives to engineering — the officers to have a military status with 
military control in their own departmeat, but in no case to 
succeed to command of ships. The Admiralty's decision was, 
however, that there should be fusion of the deck and engineer 
branches, and that officers in the engineering branch should 
have opportunities for succeeding to command equal to the 
officers of the gunnery and torpedo branches. In fact, the pre- 
vailing interpretation given to the Admiralty policy was that 
it was their desire and intention to stop once and for all the 
bic;kerings and jealousies which were playing such havoc with 
efficiency, by the fusion of the existing engineer officers with the 
executive branch and by giving them military status and control 
in their own department, with the adjustments in pay, uniform, 
promotion, pensions, ^retirement, seats on courts-martial, etc., 
which have been so repeatedly refened to as being urgently neces- 
sary. Had this policy been faithfully and promptly carried out all 
would at least have been able to, work harmoniously together with 
the one aim and one object of maximum efficiency. Instead of 
which, by a system of elaborate finesse, tJie new scheme of train- 
ing has been utilized to glorify the dominant executive branch 
of the service and to depreciate the value of the engineering 
branch. There has been a succession of broken promises, petty 
pin-pricks and intentional depreciation of the existing engin- 
eering branch which, if set out in detail, would be amazing. 
Take as an example the increased pay and earlier promotion 
definitely promised to engineer commanders. The improved 
promotion was given, but the corresponding pay was withheld. 
Tlie improved pay is still withheld, and by a recent Admiralty 
decision the accelerated promotion is soon to cea*se. 

It is unnecessary for me to say that, fortunately for our 

national respect, no parallel of such treatment could be found 

in our civil life. 
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It is, of course, well known that economy is the order of 
the day, and also that considerable sums must of necessity be 
allocated in the Xavy estimates for the present long list of 
repairs to the fleet, but it is to be hoped that whilst adequately 
maintaining the rrMteriel, the all important question of an 
efficient and contented personnel will not be overlooked. 

The new system of training cannot produce better engineers 
than the present system. Any system which loses to the Navy 
the cumulative engineering experience of a lifetime, such as is 
now acquired by officers of the existing engiiieer branch, is open 
to grave objections. There is also serious danger to engineering 
efficiency in the recent Admiralty policy of lowering the status 
of the engine-room artificers and in placing stokers as engine- 
room watch-keepers instead of the present mechanically trained 
and skilled engine-room artificers. 

A recent decision of the Admiralty to remove the care and 
maintenance, of the gunnery and torpedo machinery of the fleet 
from the professionally traijied engineer branch to the mechanic- 
ally untrained and unskilled gunnerj'^ and torpedo branches has 
already in one notable case produced serious inefficiency. 

No steps have yet been taken to improve the authority of 
the engineer officer by investing him with the necessary powers 
of control over the discipline of his department. 

In less than four years we shall have the engineer officer of 
the new creation, invested with militaiy rank and authority, 
serving in the engine-room as the subordinate of the existing 
engineer officers to whom military rank and authority are 
denie<l : How can departmental efficiencj^ be maintained or even 
expected under such extraordinaiy conditions ? 

The preceding observations sufficiently show the present 
dangerous treiid of Admiralty policy in engineering matters. 

In my renuuks at the chxsing meeting of last Session I re- 
ferred to the Admiralty Committee which had been sitting to 
consider the unsatisfactory position of the engineer and marine 
branches, resulting from the jion-fulfilment of the promises con- 
tained in and the spirit of Lord Sell)orne's Memorandum. 

It is an open secret that the dclil)erati(>ns of that Committee 
resulted in a deadlock, owing (o the bitter and unconiprising 
hostility of a certain section c>f executive officci^s on the ('oni- 
mittee. This attitude appears to be condoned, if not approved. 
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by the Admiralty, judging from the studiously evasive replies 
given to questions on the subject which have been asked in 
Parliament, and tJieir cojisislent refusal to publish the reports of 
the Committee of a section of which they are apparently ashamed. 

It will thus be seen that the situation is as unsatisfactory as 
ever. It is the bounden duty of the great engineering profession 
of the country to pursue this niatter to a satisfactory termination, 
and to see that the countiy does not suffer from the antipathy 
of a certain section of the present military branch of the Navy 
to carry out those engineering reforms which become more neces- 
sary and pressing year by year. 

I would commend to those officers who are obstructing 
engineering efficiency in the Navy the following remarks of 
Lord Charles Beresford at the Salters' Company in London on 
the 21st inst. : *' Those engaged on ships must have confidence 
in each other. They must have a chivalrous sentiment for each 
other and be good comrades in every way. Let them never do 
anything to exalt themselves for the moment at the expense of 
their comrades. They should have one object, the efficiency of 
the Service, the good and the safety of the Fleet." 



VOTE OF THANKS TO THE PRESIDENT. 

Mr. William Boyd said — As I am rather an unusual visitor 
here to-night, you must excuse me if I am transgressing the 
usual rules of the Institution, but I have a feeling that on the 
first night of a session like this, when we have received from the 
President a most interesting inaugural address, we ought not 
to separate without recording our thanks to him for that paper, 
and for the opening which ho has given to the session which 
begins to-night. The address which he has read to you clearly 
shows that he has studied very carefully the various topics that 
are of interest, and that have come before this Institution, and I 
venture to take upon myself to ask you to accord a vote of thanks 
to Mr. Dugdale for the address which he has delivered at the 
opening of the Twenty-fourth Session. 

Colonel E. Saxtox Whitk said — I have veiy much plei 
in sec^)nding the vote of thanks proposed by Mr. Boyd tc 
President for his address. 

The proposal was carried by acclamation. 
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The President, in reply, said — I can only thank you for the 
very kind way in which this vote of thanks has been proposed, 
and accepted by you, I am sure it is a very j^at pleasure and 
honour to have been re-elected President for the second year of 
office, and I only hope we shall have a successful session — that 
we shall have largely-attended meetings and good discussions. 
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NOTES ON THE EFFECT OF WORK AND TIME ON 
THE PROPERTIES OF MILD STEEL AND IRON. 



By JOHN H. HECK, Vice-Pbbsident. 



[Read in Newcastle-upon-Tyne on November 29th, 1907.] 



It is now over twenty years ago since mild steel, on the 
Siemans Martin, acid open-hearth system was first made in this 
district. At the present time it has quite ousted iron for use in 
all kinds of constructional work, and experience shows that for 
such purposes mild steel is the most useful and reliable material 
that we have to stand hard and continuous work. 

One of the reasons for its rapid growth and use is no doubt 
due to the fact that its quality has always been kept good, either 
for ship or machinery purposes, by the care which has been 
taken during its manufacture and by the prompt and rigid 
testing of the material directly after its production at the 
steel works. Steel-makers have always been willing to make 
tests, and much credit is due to them, even from the early times, 
for the wise and far-seeing policy which they urged, as time went 
on, that the character and the testing of the material should 
not in any way be reduced or made less stringent. 

At first, as many of the older members of this Institution 
will remember, there was a good deal of natural hesitation to 
use a material about which, so far as the effect of time and work 
was concerned, we had so little knowledge and experience. It 
was the consistent and continual production of good steel which 
gradually inspired confidence and therefore helped on the general 
adoption of mild steel for all classes of constructional work. 

The uniform and regular testing to which it was subjected 
gave a ** hall mark '' to steel over all other metals, as a material 
which had been proved and could be relied on. The testing was 
fair all round and was at least one of the main factors which 
caused the use and production of steel to grow year after year 
to greater dimensions. 

When iron was chiefly employed in the construction and 
repairing of ships and boilers, the quality of the material was 
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always a question entailing anxiety and consideration ; while 
at the present time, with steel, vessel after vessel is built or 
repaired without the slightest question or anxiety arising. It 
is a very rare occurrence for a steel plate or angle to fail in the 
shipyard or boiler works. It is quite as easy to make bad steel 
as to make bad iron; it is also as easy to bum steel as to 
bum iron. It therefore speaks volumes for the care which 
must be taken in the manufacture of steel when a com- 
parison is made between the great quantity of good material 
supplied with the small quantity which fails during construction 
in the shipyard or boiler shop. 

The North-East Coast is one of the largest shipbuilding 
districts, and so far as the repair of vessels and their machinery 
is concerned, it is also one of the largest repairing districts. It 
is, therefore, a daily and common experience for those engaged 
in such work to see on a large scale how well mild steel will 
stand the test of time, severe damage and wear-and-tear. 

In the dry docks, steel vessels, owing to damage caused by 
stranding, collision, or other causes, come under repair with 
plates and angles much indented and distorted, in some cases 
the damaged material, although not cracked or fractured, having 
the appearance presented by a sheet of note paper when crumpled 
up in the hand. 

In connection with steel boilers also, working with high pres- 
sure of steam, cases are met with where, owing to over-heating 
and other causes, furnaces and plates are found much distorted 
and strained, without any serious consequences having ensued. 
To see steel vessels and boilers which have sustained such damage 
brought safely into dry dock for repairs is a fact which speaks 
for itself, and compels one to feel there can be no deterioration, 
or else it can onh' be of a trifling extent, in the quality of 
a material which will stand such a test after years of work in 
all parts of the world and in all kinds of weather, and this 
conclusion is confirmed if samples are sheered off such damaged 
material and thoroughly tested. 

In the early days of steel making in this district I was en- 
gaged in testing the material which was used in the construction 
of vessels and machiner^^ intended for classification in Lloyd's 
Register. Since then tests have been made from time to time 
on samples of old steel which had been in use and at work 
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for a number of years in different parts of the hull and 
machinery of steam vessels. The samples tested were sheared 
from plates, angles, bars, etc., which had been removed owing 
to damage, corrosion, pitting, wear-and-tear and other causes. 
The tables at the end of the pap(»r show some of the results of 
the tests. The number given for the piu-pose of illustration was 
deemed sufficient. 

It is of value to note that the samples which were tested for 
tenacity broke practically within the limits required by the rules 
when the material was made. In no case was the tenacity above, 
and in only a few instances was it below, the lower limit, and 
even in these few exceptions the diflference was trifling and con- 
fined to those samples which were corroded or in which the 
surface and section was not uniform. 

In the majority of cases, after the samples had been pulled 
asunder to determine the tenacity, the broken pieces could be 
bent cold through an angle of 180^. 

In pieces which were tested by bending only and not for 
tenacity, if the samples were sheared otf by a machine in good 
order, they could in the majority of cases also be bent cold 
through an angle of 180^. 

The hot and forge tests were very satisfactory, even with the 
very corroded and damaged specimens. In many instances the 
pieces were hammered down very thin and to a chisel edge 
without any signs of fracture, and this also, in my opinion, is 
a very satisfactory result. 

Samples which were cut from furnace plates which had been 
exposed for many years to the mrwt intense heat stood the most 
severe mechanical tests. 

The elongation of the material on a length of 8 inches was 
measured in all the pieces tested for tenacity and is considered 
satisfactory when allowance is made for damaged and corroiled 
surfaces, and the variation in thickness and section at different 
portions of the length. 

In regard to iron, the samples tested were not in any way 
so satisfactory as in the ease of steel, working under the same 
conditions. Some of the old and thick samples, in fact, broke 
oBin pieces directly they wero touched by the shears. 

In a paper which was read in 1881 at Xewrastle-upon-Tyne 
Wore the Institution of Mechanical Engineers, a well-known 
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shipbuilder, during the discussion, stated that he had to pay a 
good deal more for the material of an iron ship he had to build 
because it was specified that the iron should haA^e an extension of 
5 per cent, with and 2^ per cent, across the grain. This will give 
a good idea of what iron would stand at that time, and it is there- 
fore of interest, in making a comparison, to know that if samples 
were now taken from mild steel ship plates which were made and 
tested twenty years ago and had been hard at work ever since, 
even if the material was danaaged or much corroded, they would 
easily stand extension tests in any direction of double that 
amount. 

With regard to corrosion in vessels, I have never been able 
to see any diiference in its action between iron and steel of the 
same thickness. A half inch plate of steel, if the conditions are 
similar, appears to withstand corrosion just as well as a half inch 
plate of iron. In a corroded steel plate the part remaining will 
stand satisfactory tests; in a corroded iron plate it does not 
appear to do so. 

Twenty-five years ago the average life of an iron boiler was 
ajbout ten years, while at the present time, with much higher 
pressures, it is at least double that. In a paper read before the 
Institution of Mechanical Engineers in 1878, Mr. W. Boyd, the 
first President of this Institution, made the remark — " Time 
alone will prove whether this material (mild steel) can support 
the wear-and-tear of life on board ship." We now all know 
it does so uncommonly well, and for the purpose of record it may 
also be added that its quality and properties, after years of hard 
work, is practically unimpaired. 

The early steel-makers who faced and solved the problem of 
making good mild steel at a moderate price, and shipbuilders 
like the late William Denny and others, who had the courage 
to use it, are really the men who are entitled to a great share of 
the credit for the progress which has been made in recent years. 
To continue this progress, further economy of material will be 
necessary, and this will no doubt be effected by the production 
and use of a still stronger and bettor steel. 

The work on which this short paper is based is really due to 
many connected with the repair of vessels and the testing of 
steel. 



The paper was illustrated by a number of photographs of 
damaged steel material (see Plates I. to IV.). 
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Table S.— Sikmbns Martin, Acid, Open Hearth, Ship Steel. 
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DISCUSSION. 



Mr. William Boyd (Past-President) said — I have been asked 
y Mr. Heck to say a few words in connection with his paper on 

subject which must be of interest to all of us. He has made 
eference to a paper which I had the honour to read before the 
Qstitution of Mechanical Engineers in April, 1878, and it is in 
onnection with the subject of that paper that I think a few 
jmarks may be interesting 

In the autumn of 1877 the finn of Heniy Clapham & Com- 
any, now the Clapham Steamship Company, presided over by 
)ur Treasurer, Mr. Macarthy, ordered a s-mall steamer from the 
rm of C. Mitchell & Company, of Low "Walker. She was only a 
aall vessel as we reckon size nowadays, being 207*7 by 29*9 
r 16*3, 839 tons gross, and intended for the iron-ore trade from 
ilbao, in Spain. The interest of the case lies in the fact that 
e owners stipulated that she was to be built wholly of steel, 
at the boiler was also to be wholly of steel, and the small 
bes of steel also. I have not at hand sufficient data to decide 
e historical question, but I believe I am right in saying she 
s the first vessel built, for practical everyday service in the 
jrcantile marine, in this district, and I have often thought that 
Kcient credit has never been given to the firm of Henry Clapham 
rl Company for their courage and enterprise in embarking 

such an undei-taking. The steel plates of which the vessel 
s built were made by the Landore Steel Company, South Wales. 
e reduction of scantlings over iron, was, I believe, about 22 
' cent. She is still afloat, sailing from Gothenburg under the 
me of the " Ruth," and, I see, was fitted with a new boiler in 
)0, the original boiler having been in use for 23 years. She 
s fitted with compound engines, having cylinders 2G inches by 

inches by 30 inches stroke, with a working pressure of ()5 
Linds. 

But it is with the lx)iler that I am more particularly eon- 
•ned to-day. It was 13 feet 3 inches in diameter and 10 feet 8 
*hes long. Heating surface 1,880 square feet, and working pres- 
re 05 pounds. The design being submitted to Lloyd's in the 
ual way, they agreed to a cei-tain reduction of thicknesses ** as 

experiment only " and on certain conditions, viz. : — 
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1. That the plates should have a tensile strength of from 26 

to 30 tons. 

2. That a specimen of the longitudinal joint should be 

tested and shown to have a percentage of 74 per cent, 
of the solid plate. 

3. That a shearing of every plate should be subjected to 

bending or tempering tests. 

4. That the flat surfaces should be shown by experiment 

under hydraulic pressure — when stayed in the usual 
manner — to be as strong to resist buckling as ordinary 
iron plates. 

These experiments were duly carried out with the assistance 
of Mr. Manuel Lloyd's surveyor, and were recorded in the paper 
in question, but they would hardly interest you now. SuflBice it 
to say that the design was passed for 65 pounds pressure, with 
the following reductions in thicknesses: — 

Reduction. 
Per cent. 

Boiler shell plates from ^ to ^^ inch ... 21*43 

Boiler ends f „ i^^i >> ... 25*0 

Furnaces and Combustion Chambers i m iV i» ••• 12*5 

Front and back tube plates ... ^ ,, \l ,, ... 8*33 

The experiments then carried out under the supei-vision of 
Lloyd's Registry may bo said to have formed the basis of their 
present rules for the thicknesses of steel boiler plates, which, 
at a date subsequent to 1878, were issued to engineers and 
boilermakers engaged in the construction of marine boilers. 
\'p to this time they had no ruh*s for scantlings, and, as I have 
before explained, the reductions in tliickness from the ordinary 
iron plates were allowed in this case ** as an experiment only.'' 
If the same boiler were to be built now under Lloyd's present 
rules, theie would be a further slight reduction of about 4 J per 
cent, in the shell plates and al>out 11 per cent, in the boiler ends. 
The inside work would remain pretty much the same. This 
shows that the advisers of Lloyd's Register thirty years a;go were 
not very far oft* the mark. 

The plates for the boiler were made by the late Mr. C. W. 
Siemens at the Landore Steel Company's works in South Wales, 
and, as'before stated, were to have a tensile strength of from 26 to 
^iO tons. They were shown by test to have an actual mean break- 
ing strain of 28*7 tons with an elongation of 2n*5 per rttitjjl louj^-iii - 
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Th»^Y ri>>»t £14 per inn - th^ j»rice of iron plute.s at tlaut time b<?ing 
u^jtiut IT II l>. IHM- ti>n» jnj<l as y<ni all knuw, the prt'^eiit biisis price 
uf sH*t*\ ptaii^ii. of very diitVioiit (hnifnsioii:^ atol weight, ii^ tibout 
4\H to £8 lOs. ptjr ton. 

It in intvrvMuip: to noopsJie this teuwilc* stiMMi^'tli ul li<i to liO toils 

the 



m 



^icith that of the high ttnisile ^ilicMni steel pliite.s used 

>ih*r* of the ** ilauretatiia," whieh, a« you will isee in Enginrcr- 
iiip^ Imd a km^iiU* strength of ubout 37 tims, an ehjnj^ntion of 
til per cent, and elastic limit of 21'H tons. The success whieh 
ut tended these earl^^ efforts •SO years ago is evident to iiJl engin- 
eern to-day, and the behaviour of the material uinler great 
" provorations *' ia alsii well known, and is well brought out by 
the ti^urei* given in Mr, ncek*s papL*r. 

In the discusHitm whieh ftdlowed the inauguiul address 
ik'Iivered Ijeftnt* ibis rnstitution in Oetobt-r, 1885, and in whitdi 
die liehuviour u{ steel ptutea in the bottom of a ship when 
Ntranded had been referred to, Colonel H. F, Swan observed 
" That he hud no hesitation in sajing that he believed before any 
a{ them were many \eLia*s older an iron ship In const met ion would 
be a.H rare a thing lis waa a wooden one to-day." And I suppose 
jou will agree that hi:* predietion has been amply fulfilled. 

I (houglit tliut perhaps these Teminiscenees might lie of t*ome 
iiilere^t to the Institution, n^ showing the progress that has been 
made dunng the last 30 years. 

With regard to tbe effect of stranding on the bottom of a ship 
juid the effect of fulling down aiol distortion of the inside works 
*jf a boiler, there i^ no need to dilate, l>eeause any of us who 
have anything to do with either the one department or the other, 
know the great success which has attended the introduction of 
tkij< niaterial, and the extraordinary reliability which can lie 
pbced on its behaviour under exceptional circumstances- 1 
lii*l!t*ve Mr, Heck ha^^ fjiome pliotf>graphs there, showing the dis- 
tortion of lioiler plates. I have lent him u couple of photographs 
iPlate V. and VL) showing the distortion of plates takea oif the 
iHrftoni of a ship in the early part of this year, to whieh perhaps 
rA\\wv a curifius stoiy Lh attacluHk The plates were matle in the 
ninaly of Durham* nent into 4upn» built into a ship, traded to 
tiii§ count r>, *itranded at Iledear, near the mouth of the Tees, wa« 
^" '""'" ''» the Tyne to be re[)aired, and hsid Sinith Durham plates 
III to ht*r. 
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Mr. J. L. TwADDKLL said — I am siuv wo must all feel indebted 
to Mr. Heck for his useful additio-ii to the Transactions of the 
Institution, more especially as it provides, for the first time, I 
think, a record of actual tests of the old material taken from 
boilers and ships' hulls after many years' wear and tear. 

Although Mr. Heck's subject deals with the effect of work 
and time on the properties of mild steel and iron, I think it is 
to be regretted he did not give us some results of his experience 
in i-egard to the riveting attachments as well as the material 
itself. It might be said, of course, that little or no opportunity 
of detennining the relative value of iron or steel rivets is avail- 
able in vessels of the merchant service, on account of the almost 
universal practice of using rivets of iron only in steel ships, 
although steel rivets are used in boilei-s, and I regret I am 
unable to augment Mr. Heck\s paper in this direction, although 
some other member may be able to do so. I would, however, 
suggest that, apart from the theoretical strength of a riveted 
joint, the effect of work and time on the material of which the 
rivets are made deserves some serious consideration. 

The Admiralty practice is to have rivets of the same material 
as the plates they connect, hence mild steel rivets for mild steel 
plates and high tensile steel rivets for high tensile plates. No 
doubt this practice is the result of careful consideration, but it 
would be interesting to know how far this practice is justified by 
experience of the effect of work and time on the material form- 
ing the rivets. It seems reasonable to take into consideitition 
the fact that while the quality of the material of the bars used 
for making rivets is the same as that of the plates, these bai-s 
have to be heated and worked into the form of the rivet, and 
again heated and hammered up in the structure, so that the 
finished rivet may not have quite the same quality as the bar 
from which it was made possessed. Again, it should be borne in 
mind that a very large percentage of the rivets in the main 
stiucture of a ship's hull are subject to shearing strain rather 
than tensile. In order to test in a small way the relative value 
oi high tensile steel, mild steel and iron rivets, I recently made 
a liltle experiment in our test house at the Jarrow yard in the 
following manner: — 

Two pieces of plate, 9 pounds per foot, connected together 
with a butt strap 11 pounds per foot, riveted by three half-inch 
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diameter rivets each side of butt placed lengthwise in the plate 
as in a treble riveted strap. With high tensile plate and high 
tensile rivets the plate fractured at 19 tons 8 cwts. but the rivets 
did not shear. With a mild steel plate and mild steel rivets, 
prepared a« already described, the rivets sheared at 10 tons. 
With mild steel plate and iron rivets, the rivets sheared at 14 
tons 14 cwts. Then, in order to test similar rivets in tension, 
I had two smithed eyeplates riveted together with two half-inch 
diameter rivets and pulled them apart. The iron rivets broke 
at 10 tons 7 cwts., the high tensile at 18 tons 1 cwt. and the 
mild steel rivets at 18 tons 10 cwts., a noticeable feature being 
that while the high tensile rivets broke clean off at bottom of 
countersink, the mild steel and iron rivets sheared the counter- 
sink off almost in the form of a washer. You will also notice 
that the mild steel rivets, probably from the stress exei-ted in 
shearing off' the countersink, withstood a greater strain than did 
the high tensile rivets* which broke. I may say that the high 
tensile steel used in both plates and rivets was tested to 37 to 43 
tons per square inch tensile, with an elastic limit of not less 
than 22 tons and a minimum elongation of 18 per cent, on 8 
inches. The mild steel was of the usual Lloyd's tests. So that 
you can make your own deductions. The bars from which the 
irott rivets were made were of the usual rivet bar quality. 

Mr. Heck, towairds the end of his paper, says : "to continue 
this progress, further economy of material will be necessary, 
and this no doubt will be effected by the production and use of a 
still stronger and better steel." To a certain extent this is 
being followed by the Admiralty in small craft of high speed, 
where lightness is essential, and it appears to answer well where 
high tensile steel for the longitudinal material results in a great 
saving of weight over mild steel, without any reduction in 
strength. At the same time, my experience with this material 
is that towards the end of a vessel, where plates have to be 
worked much, whether cold or hot, high tensile steel should not 
be used. As a matter of fact its quality is not called for at the 
extreme ends, where mild steel would withstand the bumps 
better, besides admitting of moulding to the form required with 
less injury to itself. 

Altjhough having little bearing on shipbuilding geneiully, 
X II* .V. be allowed to mention the great advance which 
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has been made in the manufacture of wire ropes since the intro- 
duction of steel. At the present time steel wire for high-grade 
ropes is commonly used of a tensile stress of 120 tons per square 
inch, while in some special cases, in comparatively fine gauges, 
wire is used of a tensile stress of 100 tons per square inch. Al- 
though the Admiralty breaking stress for an ordinary 4i inches 
circumference flexible steel wire rope is r]9 tons only, quite 
recently local makers have supplied wire of this size for boat 
hoists of a breaking strain guaranteed under ax^tual test of 85 
tons, while the rope actually broke at 9'i tons. Compare this 
with the iron wire of some 50 years ago, the tensile strength of 
which wa^s, I believe, 80 to 35 tons per inch and with nothing 
like the flexibility. I merely mention these facts to illustrate 
further some of the advantages which have attended the intro- 
duction of steel. 

Mr. M. C. I AMES said — Mr. Heck is to lie cono^ratulated on hav- 
ing produced such an interesting paper. It has brought before us a 
phase of the question of the strength and endurance of steel and 
iron which has not hitherto been dealt with in any of the pro- 
ceedings of this Institution ; in fact, so far as my knowledge 
and reading go, I am not aware of any prior attempt to establish 
comparative tests between new material and old material re- 
moved from ships' hulls or boilers after being subjected to the 
wear and tear of time and stresses. 

At the outset, Mr. Heck refers to the completeness with 
which steel has superseded iron for ship and boiler construction, 
and shows that this is largely due to the great care exercised in 
steel manufacture, and the thoroughlj^ systematic and stringent 
sj'stem of testing to which it is subjected. In fairness to our old 
friend iron, it ought, I think, to be allowed that had Lloyd's 
and the other classification societies insisted upon greater care 
in the making of iron plates and bars, and subjected them to 
tlie same kind of regular and uniform tests, steel would not have 
made such rapid progress, nor would it so easily have ousted the 
older material. The early iron vessels were built of ver^- excel- 
lent material. Some of these ships, still afloat and doing good 
work, fully testify to this, l)ut as iron shipbuilding developed the 
iron used deteriorated in (luality. It is true Lloyd's rules required 
(hat the iron used in shipbuilding should be of good malleable 
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quality, capable of withstanding a tensile strain of 20 tons per 
square inch with, and 18 tons across, the grain, and to be sub- 
jected to tests at the discretion of the surveyors, brittle or 
inferior material to be rejected. Tests were, however, seldom 
if ever made, so iron got worse and worse, until it became 
necessary to get special plates for parts which required to be 
flanged or bent, such as garboard strakes and boss and oxter plates. 
Low Moor or Hawks' BBB iron, two famous brands, the latter 
now extinct, were sometimes used for these parts, and also gave 
splendid results when used for boiler fireboxes, etc. 

A paper read before the Institute of Naval Architects in 1882 
on the ** Quality of Materials used in Shipbuilding," and the 
frightfully bad examples exhibited before the meeting at which 
this paper was read, aroused attention to the deplorably bad 
quality of shipbuilding iron then being used, and in the follow- 
ing year Lloyd's Registry of Shipping was sufficiently moved 
to issue a special circular calling attention to the inferior iron, 
and threatening that unless an improvement was effected the 
Committee might feel compelled to require more rigid tests with 
a view to obtaining iron of more uniform and better quality. 

This circular, however, was too late. Steel had got a foot- 
hold by this time, aud quickly elbowed iron out of the market for 
ship and boiler building. Dr. Siemens, who did much to secure 
the adoption of steel, in advocating steel as a suitable material 
for ship construction, made a very strong point that in the event 
of a ship receiving damage owing to the toughness of the steel, 
*the plates were more likely to bend or buckle without breaking 
than iron, and consequently steel ships would be safer than ships 
built of iron. The superiority of steel over iron is most clearly 
demonstrated, as Mr. Heck points out, in cases of ships damaged 
by stranding or collisions. A damaged iron plate can rarely be 
put back, but a steel plate, if not too much stretcheil by excessive 
distortion, can easily be faired and refitted, and where steel plates 
are indented or buckled to moderate extent, tests seem to show 
that firing of such plate does not materially reduce strength. 

The results of the tests made by Mr. Heck on steel plates and 
bars taken out of boilers and ships are very instructive. They 
would have been still more valuable had it been possible to trace 
the actual tests of the material when tested new at the maker's 
works. The figures, however, go to show that the material suffers 
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little or no loss in tenacity and duetility due to time and strain as 
some of them were made for distorted plates. I cannot quite agree 
with Mr. Heck in his statement that there is apparently no differ- 
ence in corrosion between iron and steel in vessels. My experience 
is that in certain parts of a ship, such as exposed decks, tank tops, 
and tank internals under boilers, steel con^odes much more 
rapidly than iron ; but, as Mr. Heck points, out, in a corroded steel 
plate the remaining parts yield satisfactory tests, whilst the 
contrary is the case in a corroded iron plate. Our thanks are 
due to Mr. Heck for the trouble he has taken and for having 
so kindly placed the results of his investigations before the 
Institution. He has proved, by patient investigation and test- 
ing what, I am afraid, most of us were content to assume, or 
take as granted. 

The Secretary read the following communication: — 

Birkenhead, 

November 2bth, 1907. 
Dear Mr. Uuckitt, 

With the remarks, generally, of Mr. Heck, there is nothing 
to which exception can be taken. But there are two statements 
which do not coincide either with our experience, or the views 
which, I understand, are pretty widely held. These are dealt with 
below : — 

Mr. Heck says : " Mild steel on the Siemens Martin (acid open 
hearth) system . . . has quite ousted iron for all kinds of 
structural work, and experience shows that mild steel is the 
most useful and reliable material that we have, to stand hard 
and continuous work." This statement is too sweeping in 
character, and contrary to our experience and deductions there- 
from. Iron of good fibrous quality is less easily fatigued than 
steel, and will stand vibratoiy strains better. We had a striking 
instance of this in connection with the main bearing bolts of 
the engines of the earlier destroyers, which bolts were made in stud 
form. Fracture after fracture occurred with steel bolts of 
various tensile strengths ; and it was only on the adoption of iron 
for these bolts that satisfactory results were achieved. 

The iron used for the purpose was WhitwelFs special 
Admiralty cable iron, which was adopted after a series of tests 
of various makes of iron, showing that it was the most suitable, 
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that is, a fine iron with a resei-ve of (inality or nature havinj? been 
finished in the rolling mill just at the point when it Ix^gan to 
make fibre, an important factor for subsequent smithing pur- 
poses, which develop the value of the iron. The breaking strain 
of this iron, after heating and working, was 24 to 24 i tons, with 
a stretch in 8 inches of 27 to 'V2 per cent. 

Recently, for the reason mentioned above, iron has l>een 
specified by various engineers for the screwed stays in steel 
boilers, the quality used being cable iron to meet the Board of 
Trade requirements of 21i to 24 tons per square inch tensile 
strength, with a stretch of 25 per cent, in 10 inches. Another 
point in which steel is not so reliable a.s iron is in welding. 
But Mr. Heck does not deal with this. 

Again, Mr. Heck says : ** With regard to corrosion in vessels, 
I have never been able to see any diit'erences in its action bt»- 
tween iron and steel." Under atmospheric conditions, we have 
found (wrought) iron to corrode less readily than mild steel, 
and the common iron less readily than the better qualities. Pitt- 
ing or corrosion of exposed steel plates, angles, etc., is very rapid 
unless the black oxide or scale formed during manufacture is 
removed. In water — sea or fresh — there may be little difference, 
but what there is, is in favour of iron. In such i>arts of ships a« 
coal bunkers, steel plates corrode much more readily than iron, 
and iron is frequently specified for these parts. Owners of the 
fish earners which used to run between the fishing fleets and 
Liverpool al.so found that steel decks corroded much more easily 
than iron ones. For commercial marine boilers iron is invari- 
ably specified for the tubes, owing to the greater liability of 
steel to con-ode. Iron boiler tubes last about ten years, steel 
about half that time. The weldless steel tubes used by 
railway companies in locomotive boilers are said to last about six 
years; and the life of weldless steel tubes in the water-tube 
boilers of war vessels is stated to be about three years. 

Some years ago we had complaints from abroad about the 
pitting of (lapwelded) steel boiler tubes, which were exhaust- 
ively investigated by the makers and ourselves. The conclusion 
arrived at was that the pitting was due to the tubes l>eing steel, 
and impurities in the water, therefore, more readily affected 

them. 

Yours faithfully, 

J. Hamilton Gibson. 
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Mr. D. B. MoRisoN said — I congi*atulate Mr. Heck on his 
very interesting paper, but I quite agree with Mr. Gibson in his 
reservations, particularly with regard to my experience with 
propeller shafts. Some years ago, when many accidents oc- 
curred with propeller shafts, we took a great deal of trouble at 
Hartlepool to ascertain the weakening effect of the intense local 
cori-osion w^hich took place at the end of the brass liners. We 
made a series of drop tests on artificially grooved bars, and 
found that steel was much less reliable under this test than iron. 
Mr. Heck referred to the excellence of the manufacture of steel. 
I think that has been brought about largely by the excellence of 
the supervision of Lloyd's, and had the same attention been 
paid to the manufacture of iron it would have been of uniformly 
better quality than it is to-day. In engine specifications we 
often see, ** the propeller shaft to be made of the b*est selected 
scrap iron." This expression means very little, as it is very 
difficult indeed to obtain iron, and the scrap which is generally 
bought as iron is largely of steel. Consequently, when a shaft 
is made up of ordinary scrap it is extremely unreliable, and it 
is for that reason that I always advocate, if a shaft is to be made 
of iron, it should be made of manufactured iron of good quality 
and of a known brand. My experience of propeller shafts made 
of manufactured iron is that they groove less locally and less 
speedily at the end of the brass liner, and instead of the intense 
saw cut with which many of you are familiar, the groove is of a 
more gradual character, aaid therefore the weakening effect of the 
groove is not so intense. With regard to the furnace plates, I 
(juite agree with Mr. Heck. I have from time to time had 
submitted to me furnace plates or furnaces which have given 
trouble, either by collapse or cracking. Generally, it is inti- 
mated that there was no trace of oil in the boiler, therefore it 
must be the result of defective material. Well, I have had the 
steel tested repeatedly and I have never come across a single case 
which deviated to any appreciable extent from the original tests, 
thus bearing out directly what Mr. Heck has told us. 

Colonel E. Saxtox Wiiitk said -I think all the members of 
the Institution present will Ix' extremely pleased, as I have been, 
that the proceedings to-night have been graced by the presence 
of the first President of the Institution. Personally, I am 
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very g'lad indeed that he has been able to refer back with 
such confidence to his earlier practice; for he was largely 
responsible, in fact, entirely responsible, for what was done 
at that time, and now, at the end cvi that long period, 
he comes and tells us that this boiler ran for twenty-three years, 
and that it has formed the basis upon which Llo3^d's have been 
working practically ever since. Therefore, I say again, it is a 
source of congratulation to this Institution that its first Presi- 
dent was a man who could look so far forward as has been 
exemplified in the working of this original steel boiler — or, if 
not original, at least one of the veiy earliest. I think the Insti- 
tution is also to be veiy much congratulated upon the tone of 
the discussion to-night. I have listened on many occasions to 
discussions, not only at this Institution, but at others whose 
position in the scientific world carries at any rate greater 
seniority, but I have hardly ever listened to a discussion 
where all the points have been brought out so well as they have 
been to-night. I myself have nothing to add to the discussion 
beyond expressing the satisfaction and the confidence one gets 
from Mr. Heck's opinions, who, after his many years' experience, 
says that he himself sees little or no difference in the action of cor- 
rosion on steel. It was rather a startling statement, because one 
has always understood that in such parts of the ship's structure 
as have been referred to, more especially boiler-room floors, tank 
tops and deck plating, the corrosion going on in steel vessels was 
very serious, and far greater than was found to be the case 
when ships were built of iron. If Mr. Heck had added that where 
the steel is looked after and properly protected, I think he would 
be on safer ground. My own experience does not go far in this 
direction, because I have had principally to do with new ships 
and not repairs, but one has always been told that the effect of 
corrosion on steel is very great, and for new construction we are 
often asked to provide iron to put into these particular portions of 
the structure. It is one of our greatest difficulties, not only to get 
the iron readily, but to get it at all. Moreover, there is the fal- 
lacy that we are often required to pay more money for the inferior 
article than for the better one, there being no question as to the 
superiority of steel over iron, except possibly in the matter of 
resistance to corrosion, and therefore I am very glad if Mr. Heck, 
as one of the principal surveyors from Lloyd's, is satisfying him- 
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self that the corrosion of steel is not greater than that of iron, and 
that we may be relieved of a great deal of our difficulty and trouble 
in getting iron of good quality. This is the only point in the 
paper I desire to bring special attention to, because I think it is 
a very important one, and if Mr. Heck's opinion is confirmed and 
taken in conjunction with the steel being properly protected, and 
there are many materials for doing this most efficiently, I think 
with that proviso Mr. Heck may be pei-fectly right, and shipowners 
in the future may, with proper care, have more confidence in these 
parts of the ship than they have had in the past. 

The discussion was adjourned, and the meeting dissolved. 
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NORTH-EAST COAST INSTITUTION OF ENGINEERS 
AND SHIPBUILDERS. 



Twenty-fourth Session, 1907-1908. 
PROCEEDINGS. 



THE SECOND GENERAL MEETING OF THE SESSION WAS HELD IN 
THE LECTURE THEATRE OF THE LITERARY AND PHILO- 
SOPHICAL SOCIETY, WESTGATE ROAD, NEWCASTLE-UPON- 
TYNE, ON FRIDAY EVENING, DECEMBER 20th, 1907. 



W. H. DUG DALE, Esq., M.Inst.C.E., President, in the Chair. 



The Secretary read the minutes of the previous meeting, 
held at Newcastle-upon-Tyne on NovemlMn- 29th, which were 
confirmed by the members present, and signed by the President. 



The discussion on Mr. T. H. Heck\s paper on *'The Effect of 
^^"ork and Time on the Properties of Mild Steel and Iron '' was 
^fsumed. 

Mr. W. G. Spexce i-ead a paper on " Notes from Four Years' 
*^ orking of the Educational Committee's Itecommendations." 
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ESUMED DISCUSSION ON MR. J. H. HECK'S PAPER ON 
" THE EFFECT OF WORK AND TIME ON THE PRO- 
PERTIES OF MILD STEEL AND IRON." 

Mr. John W. Hobson said — I think Mr. Heck's interesting 
per appeals especially to the young members of the Institu- 
m. Of course, it deals almost entirely with ship and marine 
dler work. Now, although my experience has not been lengthy, 
ere are one or two remarks I should like to make with respect 
locomotive engineering and this subject. 

Mr. Heck states that he fails to see any diflference in iron or 
?el for withstanding corrosion. Well, that may be with sea 
iter in the case of ships and the feed water used in the case of 
arine boilers, but I must say that although steel locomotive 
ilers are in a large majority, still, there are many instances 

which the feed water is such that only Yorkshire iron boilers 
e able to withstand the corrosive action. I may state that the 
cwn agents who generally order steel boilers insist on having 
*n boilers for service on the Ceylon Government railways, 
lore are also several local colliery companies possessing many, 
'omotives who find that Yorkshire ii-on boilers are more suitable 
d cheaper in the long run. The engineer for one such com- 
ny informs me that the respective lives of Yorkshire iron and 
>el boilers on his lines are 12 to 14 and 6 to 7 years. 

On account of the high initial price of a Yorkshire iron loco- 
^tivo boiler and the diifi(nilty in obtaining iron plates large 
oujfh, many interesting attempts have been made to circum- 
T\i the eflFect of bad fee<l water on steel boilers, such as lining 
e> barrels with sheet copper, iron and lead even. 

Mr. Heck mentions the instance of a shipbuilder '^0 years 
ro having to pay more for the material because it was speci- 
^\ that the iron should have an extension of 5 per cent, with 
^^ Ifrain and 2 J per cent. acn)ss. The iron plates in those days 
^ust have been remarkably poor, as the iron plates used in the 
'>n8truction of locomotive boilers nowadays show, at any rate, 
5 or 16 per cent, on 10 inches with the fibre and 11 or 12 across, 
i^ith such an elongation the tensile strength comes out at 22 
^i^d 20 tons, with a contraction of area of about 27 and IS per 
* "wpeotively. So much for boiler work. 
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Now, I have always been under the impression that a great dif- 
ference of opinion existed as to whether locomotive crank pins 
should be of iron or steeh As far as I can ascertain, Yorkshire iron 
pins last longest, they are reliable — standing the severe push and 
pull extremely well. They case-harden satisfactorily and wear 
well — in fact, I have known c^ses where locomotives have come 
in for repairs, having been in hard sei-vice from 8 to 10 years, 
and the pins were to all appearances almost as good as on the 
day they were put in. It has been stated that a large percentage 
of Yorkshire iron crank pin forgings show flaws when machined, 
and consequently have to be scrapped, but I may mention that 
Messrs. B. and AV. Hawthorn, Leslie & Company just recently 
forged a batch of 30, and out of this number only 2 were i-ejected, 
and they were certainly not to be called bad. 

Mild steel pins case-hardened are most unreliable, having no 
fibre, the case-hardening having a detrimental effect, and neither 
do they wear well. 

Steel pins oil-hardened are rather more reliable than the 
foimer, but the oil-hardening having a softer effect than the 
case-hardening they wear quickly, though certainly more evenly. 

Hard steel pins wear very badly, becoming deeply grooved 
in a short time, but they are certainly veiy reliable as far as 
strength goes, and are worth turning up after grooving, whereas 
case-hardened ones are not. 

I have several test pieces kindly given me by Messrs. R. and 
W. Hawthorn, Leslie* & Company which I shall pass around. 
They are somewhat interesting and demonstrate the class of 
material now used for locomotive crank pins. 

No. 1 is a specimen of Yorkshire iron case-hardened for 24 
hours to a depth of J inch, and made from a 22 to 2'U tons 
bloom, giving 20 per cent, elongation on 8 inches and a reduc- 
tion of area of 25 per cent. 

Xo. 2 is a specimen of mild steel case-hardened for 24 hours 
to a depth of 7j\ inch and made from 22 to 2() ton steel. 

Xo. 3 is hard steel made from a 38 to 43 ton bloom, and 
giving an elongation of 25 to 20 jx^r cent, on 2 inches. 

Oil-hardened pins are generally made from 20 ton steel, 
giving an elongation of 25 per cent, on 2 inches. 

I conclude, trusting that these few remarks have been of 
interest to you. 
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Mr. J. SiBUN, Jun. (by peiinission of the President) said — Be- 
fore making any remarks upon Mr. Heck's valuable paper, I must 
thank you and the members of the North-East Coast Engineei-s 
and Shipbuilders for the kind invitation to be present to-night 
and take part in this discussion, and perhaps you will excuse 
me if I read the few remarks which I have to make and which 
I have hurriedly put together at very short notice. 

Now, as regards the action of time and work on the proper- 
ties of mild steel and iron, I notice that Mr. Heck quotes Mr. W. 
Boyd in 1878, who stated that " Time alone will prove whether 
mild steel can support the wear and tear of life on board ship.'* 
And I do think that time has proved conclusively that mild 
steel can do this and has done it. This, in my opinion, is amply 
proved by Mr. Heck in the tests he has made on samples of \evy 
old material, and I am sure that these tests would have given 
even better results if (in the case of badly pitted and corroded 
samples) the test pieces had been planed or filed so as to give 
an even surface, as without this not only is it very difficult to 
obtain the correct area of the sample, but, when the piece breaks 
in the testing machine, it always does so at a point where the 
greatest indentation occurs, or, in other words, at the weakest 
spot, and we thus lose, not only the actual tenacity of the good 
material, but also the amount of elongation which it otherwise 
would give. I may say that I had the pleasure of seeing some 
of the samples actually tested, and had I known at the time the 
purpose for which they were intended I would have made this 
suggestion to Mr. Heck, as I am quite sure that if this had been 
tlone the results would have been even better than the tables 
show. 

As regards the iron samples, we find that they were not so 
satisfactory, many of the specimens breaking into pieces directly 
they were touched by the shears. Probably this may he due to 
the great difference in the ** structure ' of the two materials. 
Meel, for instance, in course of manufacture is in the fluid state, 
''^A when cast sets into a solid mass, and when rolled still retains 
perfect solidity, and thus any action of time, moisture, etc., can 
only take place on the surfaces, which is proved by the fact that 
even after years of work, when the plates are very badly cc^rrodod 
•^d pitted, there is still left a portion of good material, which 
P^w a test relatively as good as when the original phite was 
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Iron, on the other hand, owing to its different process of 
manufacture is more or less composed of layers of the metal, 
and in the course of time the moisture from the atmosphere 
gradually penetrates into and under these layers, rendering the 
material practically useless, so that even if mild steel does cor- 
rode more quickly than iron, we have at any rate something left 
which is relatively as good as the original, whereas in the case 
of iron we have only a useless and probably dangerous substance. 
Again, as regards the ageing of mild steel, if you will allow 
me to quote from a paper on this subject, read before the 
members of the Iron and Steel Institute this year by Mr. 
Stromeyer, of Manchester. In this, a very able and exhaustive 
paper, the author gave some very remarkable tables of tests 
showing very varying results. The conclusions to be drawn 
from these tests, he asserts, are that certain steels do possess 
ageing qualities ; some varieties tend to improve with age, others 
to deteriorate. In the discussion which followed this paper, 
Mr. Ainsworth remarked that *^ if customers once came to the 
conclusion that steel was going to deteriorate into the condition 
described, in about 12 weeks, the steel industry would be but a 
short-lived one'' : but when they recalled instances of ships, built 
of steel, bumping on rocks on the other side of the world, and 
coming home without anything being done to them, with their 
plates bulged in all directions, he thought they must come to 
the conclusion that the cases mentioned by the author were 
exceptional cases, and could not apply to the steel which was 
generally produced. Mr. Stromeyer concluded his paper by say- 
ing that although he was responsible for the safety of over 8,000 
boilers, he did not feel alaimed by the knowledge he had gained 
that steel and iron have ageing tendencies. 

Now, I would like to say a few words on a point which Mr. 
Heck raises at the beginning of his paper, namely, the stringent 
testing of steel 20 years ago. I think he will agree with me 
when I say that this stringency has not only been maintained 
but very much increased in recent years, even after experience 
has taught us more about this material. I had a great deal to 
do with the testing (both chemical and mechanical) of the first 
mild steel made by Messrs. Palmers ( ompany, over 20 years 
since, and at that time, if I am not mistaken, we had the follow- 
ing tests imposed : generally speaking, boilers, 26 to 30 tons. 
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20 per cent. ; ship, 28 to 32 tons, 16 per cent. These require- 
ments were practically unaltered for many years, until our en- 
g-ineere began to go in for higher boiler pressures, and, of course, 
not wishing to increase the weight of boilers they looked for steel 
plates of higher tenacity, and so gradually from 2(1 to 30 ton 
steel we had shell plates increased to 27, 28 and 29 tons mini- 
mum tensile strength, and even higher than this. This gradual 
tendency to increased tenacity with decreased thickness naturally 
caused the steel makers considerable trouble and anxiety, as the 
ductility of the steel had also to be maintained. 

"With this end in view, the fiim of John Spencer & Sons, Ltd., 

with whom I have had the honour of being connected for nearly 

16 years, placed upon the market a material which retains both 

the qualities of high tenacity and gi-eat ductility in very marked 

degrees. I refer to their high tensile steel, which is capable of 

withstanding a tensile strain of from 36 to 40 tons per square 

inch, and at the same time give you 20 per cent, elongation on 

8 inches. The bends from this steel will stand the same bending 

tests as mild steel, either hot, cold or tempered, and when I tell 

you that the whole of the sheU plates and butt straps used in the 

construction of the boilers for the famous Cunarder *' Maure- 

tania " were made by us of this material, and proved highly 

satisfactory in the working up, I think you will agree that it 

must be a steel of very high quality. Some hundreds of tons 

of this same steel were also used in the construction of the hull 

of the same vessel. All this was not accomplished without most 

stringent testing, not only by Lloyd's and the Board of Trade, 

but by every other corporation and insurance society. 

I have pleasure in submitting for your inspection a series of 
tests made by Mr. Charles Kircaldy for Mr. Samson of the Board of 
Trade, both from plates and bars of this steel, the results of whi(*h 
speak for themselves and go to prove that Messrs. Spencer's 
high tensile steel is a thoroughly reliable material and well 
worthy of the consideration of our engineers and shipbuilders, 
who require a steel which at once combines high tenacity and 
great ductility. (See Tables 1, 2, 3 and 4, facing page 62.) 

Whilst dealing with this tendency to higher tenacity steel, I 
iniglitsay that engineers are not alone in this respect, as ship- 
Imilderg aire also demanding material of this (luality. In fact, 
•*tlie present time, the Admiralty are using, in the construction 
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of warships, thousands of tons of nickel steel, havin^^ a tensile 
strength of \\G to 40 tons per square inch with an elongation of 
from 18 to 20 per cent, on 8 inches. 

Mr. H. B. BrcKLAXD said — Mr. Heck's paper is really a very 
interesting one, so far as the subject matter is concerned ; the only 
fault I have to find is its shortness: he has brought it down to 
a very concise point indeed, so much so that one feels inclined 
to ask for more. If I read it aright I think he says there is no 
difference between steel and iron as reigards the amount of 
corrosion which takes place, the one is a« susceptible as the 
other. Am I right? 

Mr. Heck — Quite right, provided the materials are of equal 
thickness. 

Mr. Ik'CKLAXD- 1 am afraid I shall have to disagree with 
him there. From the experience I have had I am led to believe 
that a greater auKhunt of corrosion takes place in steel than in 
iron. Steel is undoubtedly a stronger material than iron of 
similar section and therefore we can do with a less body of the 
former than the latter to stand similar strains; but the crux 
of the whole matter lies in the attention which is given to steel 
to counteract corrosion; were this not done, I think, as regards 
corrosion, iron is superior to steel. I will put it this way : If 
steel had been subjected to the same want of attention as iron, 
I feel convinced that a greater amount of corrosio-n would take 
place in a given time in the steel than in the iron. But if 
proper attention is given to steel then, in my opinion, excessive 
corrosion either in ships or boilers should not take place. 
Mr. Heck knows I have had considerable experience both in 
the buildin/j: and repairing of boilei-s and it is not saying too 
much to assert that the average life of a steel boiler, if properly 
looked after and cared for, is about 20 years against the old 
life of an iron boiler which averaged 10 years; and, in 
fact, with the c^xtia care taken in the building of steel boilers, 
if they are properly looked after, I see no reason why they 
should not last •}() years. 

Might I be allowed to make one suggestion: I think that a 
considerable amount of the corrosion that takes place in the 
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steel tank plates of vessels might be greatly reduced if the 
plates were coated with white lead or zinc when hot. I thank 
Mr. Heck for his very interesting paper. 

Mr. W. G. SrENCE said — There is just one point I would like 
to raise, and it is this. A number of years ago, probably 10 or 
12, theie was a good deal of uneasiness felt, in regard to the 
use of steel screw stays in marine boilers; and about that time 
a number of builders adopted wrought iron for this purpose. I 
have noticed also in repairs, when a steel stay has broken and had 
to be replaced, the majority of people request the replace stay 
to be of wrought iron. When iron stays replace steel stays the 
sectional area of the stay is increased in proportion to the reduc- 
tion of the tensile strength of iron as against steel. A question 
that has never been altogether settled, and which I have some- 
times heard raised, is, if instead of putting in the larger wrought 
iron stays we had increased the area of the steel stays to the same 
amount, would we not perhaps have obtained as good or a better 
result-' I should like to know if Mr. Heck ha.s any views on 
this point, or any experiments bearing thereon. 

Mr. T. SiiAW said — It was not my intention to speak on Mr. 
Heck's paper, as the results of the tensile and other tests given 
therein are conclusive and admit of no discussion, but as several 
of the previous speakers have taken exception to Mr. Heck*s 
statement, ** that steel of the same thickness and under the same 
conditions will withstand corrosion just as well as iron," I take 
the oppoi-tunity of giving my experience. 

Weather Decks, — It is quite a common experience to renew 

<l^'t*k plates when thirteen to seventeen years old, more par- 

^icularly partial awning decks, the original thickness of 

^Aieh was ^fjj inch steel, or if iron Vk inch, but I have 

^^ Variably found the diminution is pro rata to the original 

^loJcness. It is the prac^tice of some shipowTieis U) specify 

''^*iX decks, this does not include the stringer plates which are 

^^"^ys steel, yet I do not remember a single instance in 

"^ i C}h the stringer plates have had to be renewed at the same 

*"*^^ as the deck, although the thickness of the stringer plate is 

^^^►^ one pound per square foot heavier than the iron deck plate, 

^^l ^ of course, both had received the same treatment in regard to 

^^t^ing. AVhilst taking decks as an example, the foregoing 
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remarks apply equally to all other parts of the ship, and if the 
difference in thickness between iron and steel had been reversed, 
that is, steel made thicker instead of thinner than iron, we would 
not have heard so much about rapid deterioration of steel. 

I do not entirely agree with Mr. Heck, ina,smuch as I con- 
sider it more difficult to remove the first scale from steel than 
iron (also the latter takes paint more readily than steel), and 
therefore requires more supervision to see that all scale has been 
removed before coating. The custom now obtaining of chipping 
and painting steel work in the holds, when the vessel is at sea, 
does not lend itself to the necessary supei-vision, and it behoves 
owners to give strict instructions regarding same, a,s in a number 
of cases the work has been of such a slipshod character as to 
render it necessaiy to be all done over again. 

Our thanks are due to Mr. Heck for his paper, the tabulated 
tests are mnltum in parvo and give no indication of the enormous 
amount of work involved in arriving at the results. 

Mr. David Andrew said — I have little to say beyond com- 
plimenting Mr. Heck upon the useful information he has given 
us from his heap of scrap, information which I have no doubt 
will to a great extent eradicate the idea that steel as a material 
for shipbuilding has to be carefully dealt with in the matter 
of repairs. 

In the early eighties an eminent authority on ship construc- 
tion stated on a particular occasion that in cases of damage, 
great stress was brought on the steel plates, altering their condi- 
tion and i-endering them unfit for use, and even went so far as to 
say that cutting off the rivet h^nads, and cutting out the rivets, 
altered the character of the material very much, and that part 
of a plate kK'ally heated to ^^i it back to its original fonii was 
likely to render the material locally brittle. 

The great respect for steel has faded very much, but it still 
lingers, and I am sure Mr. Heck's tables will show conclusively 
that steel can Ik» treated in the same manner as iron is treated 
without suffering deterioration; I must admit that the iron 
which steel replaced in shipbuilding could not bo-ast of a great 
amount of elasticity, as in cases of collision or stranding it did 
not bend to any extent, but broke readily enough, so probably 
rough handling in repairs could not possibly alter the character 
of this material to any extent. 
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The introduction of steel in plat^e of iron in shipbuilding has 
been a great boon on account of its elasticity, as in cases of 
stranding or collision the plates will bend considerably before 
being fractured, therefore rendering salvage a more simple 
operation. It is not unusual to see plates on a ship's bottom 
bent up like an arch twelve or eighteen inches over a length of 
two to three feet. 

I am not in accord with Mr. Heck in his statement that steel 
appears to withstand corrosion just as well as iron. I think he 
does not mean it seriously, but has thrown this out a*; a challenge 
to provoke discussion, as it is a well-known fact that steel is more 
liable to corrode than iron, requiring greater attention in scaling 
and painting in order to preserve it; if that is done I have no 
doubt steel will last a.s long as iron. 

I have a clear recollection of one particular case in the early 
days of steel vessels. A steamer, about one year old, hivd been 
in collision, being struck in way of the fore hold, and in going 
into the hold in company with the superintendent we found an 
extraonlinary amount of scale lying on the ceiling directly 
under the collision damag'C. The superintendent exclaimed, 
*' T\Tiere has all this scale come from^ I have no scale in this 
ship," but there it lay simply in sheets, and upon examination 
of the other side of the hold we found the coating of paint 
smooth, and no appearance of scale under it. I have no doubt 
the damaged side had the same appearance previous to the col- 
lision, but the blow had loosened the scale. This, I may say, 
was the experience of many in those early days, until it was 
realised that a steel ship is more liable to corrode than an iron 
ship. This rapid corrosion is more marked under the boilers of 
steel vessels, due to the presence of moisture heating, and cool- 
ing, but it is well known that this rapid deterioration did not 
exist under the boilers of iron vessels. It will be of the greatest 
advantage if the steel of the future, in addition to retaining 
its present good qualities, will resist corrosion equal to iron. 

Mr. H. M. Wilson said — I am sorry I was not present to hoar 
the paper. I think a good deal of the corrosion regarding steel 
'is due to the atmosphere. From my knowledge of boilers I find 
there is certainly no difference in the corrosion, but as regards 
decks of ships I think it is severe compared with wrought iron. 
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Engineer-Lieut. IJaker said -I had no intention of speak- 
ing* to-nif^ht on this paper, but one or two remarks that have 
been made as to the corrosion of steel have reminded me of a 
fact which was brought to my knowledge quite recently, of the 
peculiar action in the cavse of sine] plates in one of His Majesty's 
ships. The ship I am referring to is one of a class of six. Two 
have suffered considerably from corrosion, and in one case the 
corrosion was confined entirely to the bottom of the ship, and 
was of the ordinaiy description which one expects to find in a 
steel ship. The case of the other was diifcrent; that is, the 
action which took place on the two sides of the ship was 
different. In the case of the starboard side, from midships 
right aft, the corrosion there, whert* the paint had come away 
in blisters, showed the ordinaiy pits underneath the plate, with 
the usual black oxide of iron, but in tlie case of the port side 
there was a complete absence of this scale. Ikit on the other 
hand what we found there wa,s holes, so to speak, extending* to 
the eighth of an inch in depth and perfectly clean — no sign of 
scale or of black powder, the oxide which is found in the case of 
steel pitting, and it was remarked, in the two different actions that 
took place, that they were confined entirely to their own side of 
the ship — on the starboard side dimples, with black powder; 
on the port side it looked as if it had been pock-marked. The 
matter was reported, and a certain number of rivets were 
renewed on the starboard side, and no further trouble was 
experienced. But another action was noticed some time after- 
wards on the inside of the ship, and that was in the port feed 
tank. For eighteen months there was no action at all, and 
then suddenly, in spite of precautions taken, corrosion took 
place along the top and the two ends, and the corrosion was 
found to be of the same nature, that is, pits of a depth of 
frcmi yV ^o ;/._. of an inch. IV^rhaps Mr. Heck or some of the 
members of the Institution, may be able to explain it. The 
peculiarity is that there was no action on the starboard tank, 
and on the port tank, similar to the action that had taken place 
on the outside of the ship. 

Mr. IhcKLANi) -Perhaps that side of the ship had been* 
exposed to the sun more than the other. 
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Engineer-Lieut. Baker — While the ship was building, for 
a matter of twelve months she was in a wet dock in the builders' 
yard, and lying alongside a wooden jetty, and on the opposite 
side, that is on the starboard side, about 100 feet away, was a 
sewer discharge, which sewer took away the refuse from a whis- 
key distillery. Whether that had anything to do with it. I do not 
know. 

There is a remark made in the paper about steel for cit)ss 
head pins. I endorse that. Preference should be given to 
wrought iron case-hardened cross head pins rather than to 
steel. Tliere seems to be a peculiar action going on when using 
steel cross head pins. In one case, when steel cross head pins 
were used, no matter how they were fitted, they would run for 
a trip and give trouble, and if they were not properly fitted 
they would be caught up, and after doing another week's 
running came out as bright as a shilling. There seems no 
satisfactory explanation ae to why these steel cross head pins 
should give trouble. After they were replaced by case-hardened 
pins there was no trouble with the cross head or with the pins 
themselves. 

The Secretary stated that he had received the following 
communicxitions : — 

Wallsend-on-Tyne, December IHthj 1907. 
Dear Mr. Duckitt, 

I have to express regret at my inability to be present at the 
meeting on Friday evening first, but enclose a few notes which 
perhaps you will be good enough to read for me should time and 
circumstances permit. 

Our thanks are due to Mr. Heck for his instructive and 
interesting paper, which appeals very forcibly to those of us who 
are more closely identified with the repair, as distinguished from 
the building of vessels, and where so many opportunities are 
afforded for observation as to the effect produced by wear and 
tear and damage. 

I cannot agree with Mr. Heck when he states that there is no 
difference in the action of corrosion on iron and steel; true it is 
that a steel plate if corroded to the same extent will stand a 
tension test which an iron plate will not, but, on the other hand, 
from the point of wear and tear, I venture to state the result is 
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in favour of iron. One is therefore forced to the conclusion that 
if the same durability is to be obtained from steel as from iron 
structural work, the former must receive more attention, especi- 
ally in the early part of its existence, by way of cleaning and 
coating, than the latter. 

In dealing with the repairs of the various types of vessels, 
Olio cannot but be impressed with the wonderfully good condi- 
tion of the structure of an iron vessel — more particularly the 
shell plating, where except for a few trivial renewals, it is 
known to be the plating originally used in the construction of the 
vessel. 

One factor, however, in the life of an average steel cargo 
steamer must not be lost sight of, namely, except for a thorough 
cleaning and painting when the vessel is being overhauled for 
re-class ific^t ion, the internal structure gets but little attention, 
as, owing to the growing demand for rapid loading and dis- 
charging, time does not permit of any appreciable cleaning being 
done, as was the case, say, when vessels were detained for long 
periods for, say, loading, besides which a. g(K)d deal was 
dono by tlie crews, but this practice does not obtain to the same 
exteni as in former days. 

Witli regard to the tables of tests which are shown under 
Table " S,'* it would Ih^ interesting to learn whether, in the 
column ** Age of Sample in Years," the figures given represent 
the age of tlie vessel, or merely the age ot the plate from which 
tlie sample was taken, as it is, of course, (Uiite possible for a 
vessel of say -U) years to have undergone repair^ for damage of 
various kinds, in which renewals were necessary, and such 
material might pn)vide the samples taken. 

The su|HM'iority of steel over iron for withstanding shock and 
strain is simply proved in the castas of stranding and collision 
with which most ot us an* familiar, and the fact that such ves- 
sels are salved after InMUg InuUy vtranded <ir brought to port after 
InMug severely tlamagtHl in collision bears witness to the splendid 
quality oi steel, a result which it would uox be posv;ible to obtain 
in the case of in>n. 

1 ventuiv to state that where steel receives very close atten- 
tion as lo cleaninwr. etc., in the early stages of its existence, it is 
t|uitc ei|ual to all that can Iv desired ot it. 

Vour< faithfully, 

•1. w/Tocuer. 
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20, Northumberland Avenue, Forest Hall, 

Newcastle-upon-Tyne, December 19th, 1907. 
Dear Mr. Duckitt, 

I regret I will not be able to attend your meeting to-morrow 
night to hear the discussion on Mr. Heck's able and interesting 
paper, read at the meeting on the 29th ultimo. 

I however hope the members present will give this matter 
their careful consideration and express their views freely 
thereon. There is no doubt as time goes on we find it more diffi- 
cult each year to get good reliable iron, either in the shape of 
ship's plates or for engineering purposes, and although iron for 
certain shipbuilding and engineering purposes will *' die hard " 
with some people, I think the sooner it is discarded altogether 
for shipbuilding purposes, and replaced by good mild steel, the 
better it will be for all concerned. 

I have had considerable experience with iron decks in 
steamers, and about eight years' experience with steel decks in 
the same class of steamers, and I am quite convinced that ex- 
posed decks of steel, the same thickness as if they had been plated 
with iron, if well looked after, are much preferable to iron decks, 
and would last quite as long if not longer. What trouble there 
has been with exposed decks of steel has been due, in my 
opinion, to the reduced thickness of the plates in the first 
instance, and the want of ordinary care and attention. Iron 
decks being thicker in the first place than steel decks they stand 
more neglect, and hence get the credit of being less liable to 
corrosion than steel decks, whereas it is due to the thickness of 
the material used. The same thing applies to the framing of 
steel-built vessels, which has been a source of trouble with ship- 
ovrneTs for years. This is also traceable to the reduced thickness 
of the material used in the constructions, the difficulty of scal- 
ing" and painting frames fitted with reverse bars, and last, but 
by no means least, the very inferior quality of the so-called 
paint used, which in many cases has to last for four to five 
years. 

I feel we are indebted to Mr. Heck for his paper, and I trust 

the members will take full advantage of this opportunity and 

have the matter well thrashed out. 

Yours faithfully, 

C. Landreth. 
The discussion was again adjourned. 



,:k^ing of educational committee s recommendations. 



1>:EiS FROM FOUR YEARS' WORKING OF THE 
t^XTCATIONAL COMMITTEE'S RECOMMENDATIONS. 



By W. G. SPENCE, Vice-Pkesidbnt. 



[Read in Newcastle-upon-Tyne on Decembeb 20tit, 1907.] 



1x1 the month of December, 1903, a Committee of this Insti- 

t'^tion recommended the adoption of a system of marking- for 

recording the timekeeping, industry, and evening study of 

ciigineering apprentices. The system was recommended by the 

Committee on general lines, each firm being at liberty to make 

such amendments as might better suit the special conditions 

obtaining at their works. 

Four years having elapsed since the Committee's report was 
issued, it has occurred to the writer to submit to the Institution 
certain data, in the form of curves, showing the result of the four 
years' practical working of the system at the Neptune Engine 
Works. These curves, together with the deductions drawn 
therefrom, he hopes, may be of interest to the members and lead 
to results of practical value. . 

Details of the arrangement of marks suggested in the Com- 
mittee's report will be found on pages 5G and 57, vol. xx. of our 
Transactions. The marking adopted at the Neptune Works dif- 
fers from the suggested schedule in some details. Marks are 
awarded on a gr-aduated scale for examination passes ; details of 
the scale will be found in the Appendix at the end of this paper. 
The results of each apprentice's timekeeping, industry in works, 
and evening study for 1907 will be found in Curves A, B, and 
C, respectively (Plate YII.). These three curves are combined 
in one curve, D (Plate YIII.), which shows at a glance, above the 
name of each apprentice, his exact relative position in order of 
merit, the weekly rate of supplementary pay he has earned for 
the current year and the marks he gained in each preceding year 
(shown by spots above or below his position on the curve). A 
framed copy of this diagram is hung up in each department of 
the works and remains on exhibition until replaced by the 
following year's results. 

VOL. XXIV.-1908, ^ 
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These curves are at best only an imperfect indication of 
" character," and character, or " gumption," to use a shop 
phrase, is probably the most important ingredient in anyone's 
composition and one which often developes late. They form, 
however, to some extent, an indication thereof, and the relative 
position of each youth, measured on this basis, is easily noted. 
In order to analyse these records for the years 1904-6-6-7, 
and to show the annual variation, the curves D', E, F, G, H, J, 
K, L (Plates IX. and X.), have been constructed. 

Curve ])' (Plat« IX.) shows the combined curve, D, for the 
years 1904-5-G-7. This has been plotted with a view of ascertain- 
ing if the yearly variations recor<led in curves E to L (Plate X.) 
arise from any marked deviation in the form of the curves. It 
will be noted that, generally speaking, while the whole curve has 
been raised, this is especially so in regard to the portion towards 
its lower extremity. 

Curve E (Plate X.) shows the average total number of marks 
gained per apprentice in each yearly period. 

It is perhaps somewhat premature to attempt the deduction oi 
general conclusions from only four years' data, but, so far as it 
goes, this curve appears to show that the introduction of the system 
caused a general and veiy creditable " bucking-up " among the 
youths. As the novelty of the system wore off, the human tendency 
to backslide appears to have asserted itself to some extent, and it is 
probable the eventual mean will be found to be somewhere above 
1904 and below 1905. This curve seems to the writer to indicate 
that, up to the present, the introduction of the system has been 
justified. 

Cui-ve F (Plate X.) shows the average number of timekeeping 
marks gained by earh apprentice out of a total possible of 120. 
This curve indicates a distinct improvement in timekeeping. 
The importance of timekeeping is, in the writer's opinion, con- 
siderable, quite apart from its assistance in the maintenance of 
discipline and production of work. As a i-ule, he considers it 
a fair indication of character, and the training in character in- 
duced by having to turn out of bed early, especially in winter, 
is a distinct asset in a youth's apprenticeship. 

Curve G (IMate X.) shows the average number of conduct 
marks gained in each year per apprentice, the possible maximum 
])eing 120. These marks are awarded quarterly" by the respective 




WORKING OF EDUCATIONAL COMMITTEE'S RECOMMENDATIONS. 65 

foremen and are intended to indicate the relative industry and 
ability in the works shown by each apprentice. This idea is good 
in principle but its practical application is affected by the intro- 
duction of the " personal equation." The foremen undoubtedly 
endeavour to allocate their marks conscientiously, but there is 
naturally a wish on the part of every foreman to see the names 
of the young" men under his charge well up on the list, which is 
liable to bias the judicial faculty, and it is extremely difficult for 
anyone to place each youth in correct perspective. 

Curve H (Plate X.) shows the average evening study marks 
gained per apprentice. 

Curve J (Plate X.) gives the percentage of the total number 
of apprentices who gain any class marks. 

Curve K (Plate X.) shows the average class marks gained by 
each of these apprentices who actually gain any cla.ss marks. 

It will, perhaps, be more convenient to consider these three 
curves together, as J and K are really based on H and intended 
as an analysis of the latter. 

The curve, J, is intended to indicate the percentage of youths 
who show any results at all from their evening study. 

The curve, K, is plotted with a view to indicating the quality 
of such work. 

The impression the writer gathers from a study of these 
three curves is that the number of apprentices who do efficient 
evening class work forms a very small percentage of the whole, 
and that, except in a few exceptional cases the work is of quite 
a rudimentary character. It will be noted that little more than 
one out of every five apprentices show any results at all. One 
has heard much of late years as to the dangers attached to over- 
attention to book work. The results indicated by these curves 
should permit those who fear we are going to perdition from this 
cause to slumber in peace. Incidentally, the writer considers 
the curves indicate a justification for the argument that the at- 
tention of those responsible for the allocation of educational 
grants should be specially directed to seeing that such grants 
are so arranged that the small percentage of specially able and 
hard working youths are granted facilities for passing on to the 
higher technical schools and colleges, and that the chief business 
of evening classes should not be the production of a light crop 
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over a large area, but rather the giving of assistance enabling a 
few to raise themselves above the average and to pass on to 
further advancement. 

This was clearly the aim of your Committee when they 
recommended that special facilities should be given to 
** selected " youths. It is a waste of labour to try to polish 
lead, but if the small percentage of silver contained in the lead 
be extracted a high polish can with advantage be given to the 
rarer metal. The Scholarship about to be founded by our Insti- 
tution is a right step in this direction. 

Only a very exceptional youth, strong both mentally and 
physically, can make any great headway by evening study, and, 
at the same time, work regularly and well in the works from 
6 a.m. to 5 p.m. With a view to minimising this difficulty in 
favour of the really deserving, it is now arranged at the Neptune 
Works that the apprentice at the head of the curve each year 
shall, between the 1st October and 31st May next succeeding 
winter, commence work at 9 a.m. instead of 6 a.m., ftdl-time pay 
being credited over this period. Should the same youth or 
youths be leading for a second or a third year in succession they 
will retain their privilege and, in addition, the next in order 
will obtain it. In other words, the head apprentice of those 
required to attend at G a.m. will always be selected in each year. 

Curve L (Plate X.) indicates the percentage of the total number 
of apprentices who fall below the zero line, in other words, gain no 
marks whatever. It will bo seen that since the introduction of 
the system there has been a healthy decrease in the numbers= 
under this category. The ** scallywag " we have always with us„i« 
and while the extinction of this species is unattainable, it&= 
reduction is desirable. 

The alK)ve-described system of marking and curve records i^ 
in operation in lx)th the engine department and boiler depart 
ment, but each is kept distinct, and the curves from the former 
department only have been dealt with in this paper. Appren.-^ 
tices after commencing in the drawing office are not includec*^ 
in the curve. 

In conclusion, the writer wishes to state that he is satisfies ' 
that the exhibition of these curves in the works is a health^' 
stimulus to the apprentices, and he hopes their submission to thK3 
Institution mav lead to a useful d n. 
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APPENDIX. 



Neptune Engine Works. 

At the end of September in each year, each apprentice will 
be awarded marks as follows: — 

For each approved examination in science or in 
mathematics (not exceeding- three in number) 
passed during the year (see Schedule A below). 

For time-keeping : a maximum of 120 

For good conduct, industry and progress in the work- 
shops: a maximum of 120 

Marks for time-keeping will be deducted at the rate of one 
mark for every hour lost, but no deduction will be made for 
special leave, or for sickness if certified by a doctor. 

Conduct marks will be awarded quarterly on the following 
scale : — Very good, 120 marks ; good, 90 marks ; fair, GO marks ; 
moderate, 30 marks. 



SCHEDULE A.— Evening Science and Abt Classes. 



Board of Education, South Kensington— 




Harks. 


Marks. 




iBtOUUM. 


2nd Class. 


Science Subjects 


Stage 1 ... 


30 


20 


if )> 


„ 2 ... 


50 


30 


>> f» 


„ 3 ... 


85 


50 


tf It ... 


Honours ... 


110 


70 


Mathematics— Division I 


Stage 1 ... 


30 


20 


»» »» 


„ 2... 


50 


30 


ft >f 


» 3 ... 


85 


50 


t> if ••• 


„ 4 ... 


85 


50 


ft )t ••• ••• ••• 


Honours ... 


140 


80 


Division II 


Stage 5 ... 


85 


50 


>» » 


» 6 ... 


85 


50 


»> »» 


.. 7 ... 


110 


70 


1 

tt >> ••• ••• ••• 


Honours ... 


170 


100 


Freehand Drawing 


... ^ 


36 




City and Guilds- 








Science Subjects— Preliminary 




30 


20 


Ordinary 


... 


50 


30 


„ Honours 




85 


50 


1 Armstrong College (Evening Classes)— 








Division 


i I. 


II. 


III. 


IV. 


1 Elementary Stage 


30 


20 


15 


10 


Senior Stage 

AdTancadStage 


50 


35 


25 


15 


1 100 

1 


70 


50 


30 
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An apprentice obtainin;g 180 marks in the aggregate will have 
the sum of sixpence added to his weekly rate of pay for the 
ensuing year, for marks in excess of 180 his rate will be propor- 
tionately increased. 

No payment under this scheme will be made to apprentices 
obtaining less than 180 marks, and apprentices who fail to obtain 
a reasonable number of marks for time-keeping, good conduct, 
industry and progress will be subject to dismissal. 

Apprentices commencing their apprenticeship between 
October 1st and March 31st will be entitled to half-rates for their 
first year. 

Marks will only be given for examinations passed in the year 
for which the certificate is issued, except in the case of those 
students who sit for the " Honours *' examination having already 
passed the advanced stage in some previous year, such students, 
in case of failure to pass the " Honours '* examination, will be 
allowed to count the marks they earned previously at the ad- 
vanced examination. This is done with a view to encourage 
apprentices to take the higher courses of study. 

Students will be expected to show improvement each year in 
the results of their examinations and the full marks allowed for 
any given pass can only be obtained in one year. Should the 
student only succeed in obtaining the same pass a second time 
the marks obtainable will be reduced by 10 per cent. 



DISCUSSION. 

Professor 11. L. WKKiirroN said —I commence by congratu- 
lating Mr. Spence on the paper which he has presented. It is 
of an order which I think I am right in saying must be of peren- 
nial interest to all of us, inasmuch as it deals with the human 
factor, the human element, the human part, in engineering, and 
that part axn never become ()])solete or be superseded. I also 
congratulate him on the fact that so far as I know he is the first to 
api)ly the graphic method to the analysis of the subject. Without 
this graphic method I think we should have had great difficulty in 
grasping the general tendenc}' of the operation of these regula- 
tions. With that method it is obvious to us all how the matter is 
shaping. There is another point on which we may congratulate 
Mr. Spence, that this is the first harvest of results, as it were, 
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that has teen presented, at h*ast before this Iiutitutioii, ot the 
operation of the^e regulations, which were embodied in the report 
of your Educational Committee some three or four years ago. 

Speaking fitim a cursor^' view of the diagrams* the first 
thing that strike?* one will probably be the fact that so few of 
these young men attain to any degree of success in eyening 
gttidy. It is only in the evenings, of course^ that they can study, 
being apprenHc«8 as di^^tinguished fn>m pupils. Like Mr* 
Spence, I do not think that is so, and a closer examination of 
the resnltfi and a consideration of the bearing of the whole ques- 
tion will show that the results, even in that sense, are very 
good indeed. We must not foi^et that this paper deals with 
only one seetion of that report to which Mr. 8pence refers, 
namely, the regulations ftjr increasing the etticiency of the 
apprentice artizan in works, leaving out altogether the appren- 
tice engineer or pupil. The artizao, a^ an artizau* is supposed 
never to rise out of the workshop. He might rise to the posi- 
tion of foreman, but he is not supposed to rise to positions in the 
higher branches of engineering and its nJIied industries ; if he does 
no he t^ase?* tn l>e an artizan. IJeuling then uiAy with the appren* 
tice class, 1 think it will be found on examination that these 
diagrams ihow wonderfully gmid re^sults. Take only the first 
four in Mr. Spence's diagrani who are at the heatL I think if 
there were no more than thoisi' four, which is about (i per cent. 
of the total, it is a very considerable success, because if you can 
oflfer facilities for these four (and they ai-e evidently youths who 
can take advantage of these fari!itie*<) for further inci'Casing their 
aCiiuaintance with thetuetirul study, they will rise in the busi- 
ness and be of great sei'vice to their employers. And if we hare 
much more than fimr^ if we hiwl niU(*h mon* than (J per cent., I 
sugge?^t we would have a ditticulty in retaining any t^f thrni ns 
ai'tizans at all, because once they get up certain steps in the 
ladder they cease to be artizaus, ami rightly so. And here 
eotues in the vexed (luastion how fur an artiisan as a hundicraft^- 
QiaUi is improved by education in the technical sense. Some say 
you cannot educate him too highly* Others say he has got quite 
enough, lunl you had better not give him any more after he has 
left .schooL 1 will not entt^r further into that question, I am 
rather tuc lined to think it ne*ed not eoneem us^ because the ab- 
sorption of knowledge in the evening after the day*s work, means 
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a strenuous life, and there is no danger of too great a nujnber 
becoming too clever. There is one point which I should like to 
bring forward here. I venture to submit, for the consideration 
of Mr. Spence and those with whom he is associated, a slight 
alteration, and that is in respect of the marks awarded for even- 
ing study. I have made a small portion of a diagram 
which will possibly show this, although it is shown, in a sense, 
quite as well as Mr. Spence's diagrams. 

Here is a little diagram (Plate XI.) which I have extracted 
from Mr. Spence's diagram and re-arranged. I have aiTangcd all 
the men who have got any marks at all for study first. Super- 
added to the lowest curve are the marks for timekeeping, and 
then superadded again the marks for conduct in the works. The 
point I wish to emphasize is this : that you will observe the man 
at the top, No. 1, only obtains, I think, 80 marks for class work ; 
120 is the maximum, and it is closely obtained by him, and ob- 
tained by many others for timekeeping and also for good con- 
duct, but there is no one gets anything like 120 for class work, 
and I submit no one could get 120 class marks under 
this scheme. I suggest that the class marks should be 
about doubled. AVhen we consider, from the appendix to Mr. 
Spence's paper,* that a first-class obtainable in an elementary 
subject carries with it only 30 marks, and that the number of all 
passes are limited to three, 90 marks is the possible a boy could get. 
Compare that with 120 for conduct and 120 for timekeeping. 
I consider that is handicapping application in the evening to 
some exti'nt, and that the marks might well be raised, imposing, 
if you wull, a limit of, say, 120, so no boy would be credited with 
more. But that again is quite a moot point as to whether he 
should not be allowed to earn more for study than for conduct 
or timekeeping. I see no reason why he should not. My advo- 
cacy of this alteration may be said to be based upon the follow- 
ing considerations : First, the object of these regulations by your 
Committee was twofold — ^first, to increase the efficiency of the 
artizan, the man who would never be else than an artizan. 
That is a very important object to aim at indeed, and that, of 
course, would be obtained by encouraging good timekeeping, 
good conduct, and efficiency in the shops, and, doing so, that 
would be sufficient for the present, lliat was the first object, 

* Page 67. 
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and it has evidently been fulfilled fairly completely in opera- 
tion. Secondly, there was another object, which was to provide 
means whereby a few youths might be selected from the large 
number of artizan apprentices by means of evening study, and 
who would be encouraged to proceed further. We all know that 
brains are not confined to the upper classes, nor to the wealthy, 
but are very often indeed found amongst the lowest classes in every 
country, and it ought to be our object to encourage the sons of 
working men to rise, and unless we do so we lose a valuable 
asset of our countiy. That was our object — to encourage the 
few to rise. I submit we handicap these few by putting such a 
low value on studious work in the evenings. 'It should have as 
high a value for the possible maximum as the others have. I 
hope I shall not be misunderstood. Punctuality, good conduct 
and discipline in works are most important, and I yield to no 
one in my admiration and advocacy of these. Indeed, in my usual 
professional sphere now, I stand almost alone in the Institution 
with which I am connected in perpetually advocating these quali- 
ties. In season and out of season I am telling my students of 
the value of these qualities, and that if they do not exhibit them 
during their college career they will have to exhibit them after- 
wards or fail in their career. Perhaps I may be looked upon as 
a kind of a *' crank '' for advocating that so often. I say this so 
that you will not misunderstand when I am pleading the case 
now of the evening student. It does not depreciate the other 
tiif'O qualities, but there is no reason why we should not give due 
-vialue to each of the three. Now, the third reason why I make this 
<5ii ingestion of a change in the number of relative marks is this : I 
«iUi-l)init that of all the means of self-discipline, self-denial . and 
^^1 f-help which go towards £he formation of character, and which 
r*^ of excessive value in the young, there is nothing I know of 
l^-^^^^er and more valuable and more powerful than evening 
t: u (\y^ strenuous exertion of the mental faculties. All engineers 
^^ ixccustomed to deal with the inertia of matter, but there is 
"^^^tlier thing much more difficult to deal with, and that is the 
^^"^^^tia of mind ; and these youths can only overcome this natural 
*^^^^"t;ia by training and cultivating their minds when young. If 
^ ^re going to admit that such training, and cultivation is 
~*i^^^x-ior to timekeeping and good conduct, I submit we are not 
^^^*^^ right. Fourthly, and this is the last reason I give for the 
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change, whatever value we as an Institution give to evening 
study, that value the boys will put upon it, and if we depreciate 
evening study by making it such that it is impossible for a boy 
to gain more than about 80 marks, I say again we are not doing 
right. There is one point about these results of Mr. Spence's 
which one cannot help noticing. It bears again on this question 
of evening study, and it is this : While some of the most studious 
boys are at the head of them all — (you remember from Mr. 
Spence's diagram four of the best boys at the head are there be- 
cause they engaged in evening study) — none of the studious boys 
are at the bottom. There are none of them below zero. We can- 
not help noting also that in the case of all those boys who study 
in the evening (except the first one who is a long way ahead of 
the others) there has been associated with evening study a con- 
siderable amount of lost time. I do not know quite why that 
should be, but it is so according to those dia^p^ms. I think 
that there is no doubt whatever that these regulations which 
the Committee framed, and which have been adopted by several 
firms, and especially by that large company in Hartlepool, Messrs. 
Richardson, Westgarth & Company, in somewhat the same form, 
are doing an immense amount of good ; and I feel that if every 
manager of works took the same interest in the boys that Mr. 
Spence does they would do a great deal moie good still. 

Mr. R. HixciiLiFFE said — Mr. Spence's valuable paper con- 
tains a great deal of interesting and instructive matter; indeed 
it is not until one has looked into it, and given it some study, 
that one realises whal a mass of information is graphically 
ix^presented in these zigzag lines. AVhilst all the curves are of 
interest, I personally am most interested in those which deaL^B^ 
with the results of evening study. Having been engaged foi^^^ 
a number of years in connection with technical classes, IZ^ 
heartily welcome this recM)id of an emplo^-ers' appreciation o^t 
the work done by their apprentices at evening classes. I possiblj^-i^ 
appreciate it more hecause it bears out a number of my own^^^ 
theoiies, arrived at as the result of my experience, whicliC^-^ 
theories I am pleased to see Mr. Spence quite agrees with in hi^ - 
paiHU', although hitheito I have met several authorities whc::^ 
held dit^'ereni views. 

The first lesson which these records clearly t-each us is, C^^ 
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think, that when we consider any large body of apprentices we 
must realise that a large proportion of them are either not 
suitably educated for or do not properly appreciate the advant- 
ages to be gained by evening study. I had that fact brought 
home to me very clearly about four years ago while teaching a 
class at AValker. This was the first year that Messrs. Swan, 
Hunter and Wigham Richardson, Ltd., introduced their present 
system of apprenticeship marks. 

After my class had been in progress a week or two, I got a 
sudden influx of some 12 students who my past experience 
enabled me to perceive were not of the usual type. A little 
inquiry informed me that the foremen of the works mentioned 
had been round amongst their apprentices threatening with dire 
penalties all who did not join one or more evening classes. I 
had no reason to find fault with these new additions as far as 
conduct was concerned, but they quickly demonstrated the fact 
that though you may lead a horse to the water you cannot 
make him drink. They listened to me with all courtesy and 
sympathy, but seemed to think it strange that a man who spent 
all day in a shipbuilding yard should want to talk about ship- 
building at night. The most of them disappeared in the course 
of a week or two and by Christmas they had practically all 
Vanished, only however to return again for a short period when 
they had been again threatened by their respective foremen. 
J think I finally put two of these students in for the examination. 
-^ similar result has been found in practically all the technical 
^lasses in that district, proving clearly that there is only a 
^mall percentage (about 20 per cent, say) that really have the 
:^clination to take technical study seriously. Up to the present 
' ime it has undoubtedly lowered the efficiency of the classes 
^. evoted to the elementary stages of technical subjects that they 
^^^ave eoutiiined a cei-tain number of students unsuited for the 
»=^rork to be done there. It is with pleasure I learn that the 
^^ewcastle Education Council is introducing a scheme which 
^c-ill enable this necessary work of separating the suitable from 
• iie unsuit^ible students to be done in the evening continuation 
~ lasses and will thus leave the technical classes proper only to 
i eal with those students who are suitable for their stages. This 
^"^^-ill add greatly to the efficiency of these classes, for a technical 
— lass is not unlike an army, the speed of progress is decided by 
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the slowest unit, and a number of unfit students, who have not 
sufficient elementary education will retard the progress of the 
whole class. 

I take it that Mr. Spence has put this paper forward for 
criticism, and that he will not object if I find a little 
fault with some points in his firm's system. I agree 
most heai-tily with Professor Weigh ton that they should 
give more marks for science subjects. Secondly, I would like 
to see them alter their system, and not give the marks entirely 
upon examination results. It is now being generally recognised by 
education authorities that the examination, as a test of efficiency, 
is not absolutely perfect. For instance, in the Board of Educa- 
tion examinations there are two standards of success, namely, first 
class and second class. Xecessarily, there is a certain minimum 
number of marks which will place a student in either of these 
grades. The marks are generally undei-stood to be 75 per cent, 
for first and 40 per cent, for second class. If a student gets 

74 marks in the elementary stage examination he gets 20 marks, 
according to the system described by Mr. Spence. If he gets 

75 he gets 30, a difference of IJ per cent, in examination 
marks producing a difference of 33 per cent, in his works marks, 
nor is this the only objection. You have the whole result of 
the student's j'ear's work in that one subject at stake depending 
entirely upon what ho can accomplish during the three or four 
hours given him in an examination. If a student should be a 
little oft* colour at that time the whole of his year's work is 
jeopardised on that account. Further, the student recognises 
what he has at stake, and frequently suft'ers from a form of 
stage fright. Others, a^ain, do not possess that fluency of 
expression which is so necessary in most Board of Education 
examinations if you are not to be seriously handicapped by the 
time limit. I would much prefer if Mr. Spence could persuade 
the authorities of his department to substitute for the examina- 
tion marks an efficiency percentage mark which would be settled 
by the head of the college or education centre at which the 
student obtained his technical instruction. That efficiency 
mark might be made up of a total derived from home-work 
marks, attendance marks, and marks given for general atten- 
tion and efficiency. This, I think, given by the educational 
authorities, would be absolutely without prejudice and would 
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be a much fairer test of the student's efficiency than the present 

system. Once we realise that there is only a small proportion of 

our students that are likely to benefit by technical instruction, 

it logically follows, I think, that we should give them all the 

facilities for improvement we can, and with that object I 

would like to ask Mr. Spence if his department cannot give a 

little more in the way of privileges to evening students. I 

know of a number of works in the Birmingham district where 

the student, provided he can give a signed certificate that he 

has attended a class the night before, is allowed an hour's leave 

in the morning. I notice that Mr. Spence's firm admits the 

necessity of this, inasmuch as they grant to their senior student 

this privilege, but that is only one student, and if they could 

make it as a universal privilege it would be of great advantage. 

As Professor Weighton pointed out, the necessity for some such 

reform is borne out by Mr. Spence's diagrams, inasmuch as, 

leaving out the. first, who is evidently an exceptional 

student, there is no other who has obtained any marks 

in evening study who has secured full time marks, and I do 

not think this is altogether to be as much wondered at as the 

professor seems to imagine. When one realises the amount 

of energ>^ it takes to start at six in the morning and go on until 

^.30 at night, practically without a break, one is not surprised 

if there is a tendency to sleep in in the morning. Whilst 

touching upon this subject may I put forward a claim for 

greater attention being given to students, especially those who 

'i^ork in offices, in connection with the subject of overtime. If 

tiliere are any teachers here they will agree with me that 

t:echnical schools are handicapped by students being unable to 

follow up their studies on account of the demands made upon 

tr-liem hy overtime. Most works now make a point of not keeping 

^^ny student on his cla*ss night, but this is not sufficient. A 

lecture delivered at a class loses half its efficiency unless followed 

Xi.p by another night's private study. A number of my students 

x^^peatedly apologise to me for not having done their home work 

^:>Ti account of overtime. Under such conditions it is impossible 

:f or technical students to make that advance we desire they 

slbould all make. 

And might I remind employers that technical students are 
"not entirely composed of apprentices. Our industries are 
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now 80 scientific that in most cases it seems impossible during 
an ordinary apprenticeship to become thoroughly equipped, and 
in consequence we find a number of young journeymen who are 
still technical students, and on their behalf I would especially 
plead for consideration in connection with the subject of over- 
time. I must apologise for taking up so much of the time of the 
meeting, but I am always anxious to speak on behalf of technical 
students. My experience leads me to believe we have in this 
district a number of students second to none in any other part of 
the kingdom, and given fair opportunities the shipbuilding and 
engineering industries will be in safe hands. 

Mr. G. Tardy said — -I have not much to add to what Mr. 
Spence has said in his paper. I have been associated with this 
subject in the same way as Mr. Spence since the scheme com- 
menced. Mr. Spence's figures relate entirely to an en^^ne works. 
My experience has been with a shipyard at Wallsend, and I have 
prepared a set of figures of our results for the Session 1906-7 on 
the same basis as Mr. Spence's curves. At Wallsend we have 
a member of the staff part of whose duties it is to see that appren- 
tices attend evening classes and also to keep records of timekeep- 
ing, conduct, etc. The attendance results are got from the class 
teachers each week and continual absentees are sent for and 
talked to as may be required. AVe give bonuses for good marks 
and no boy gets a bonus who does not show some result at a class. 
This result need not necessarily be a pass at an examination, 
very regular attendance being accepted as well. Eighty per 
cent, of the boys in the works attended the evening classes during 
the last session, but from the figures I have got we only get 4i 
per cent, who passed any examination in science subjects, and 
if we add such elementary subjects as arithmetic or mensuration 
then the examination results amount to about 8 per cent, of the 
total number of apprentices reported upon. I might add that 
apprentice rivetters are not included in the lists. 

The total number of boys who earned bonuses amounted to 
about 14 per cent. Referring to what Mr. Hinchliffe has just 
said, I feel that I can quite sympathise with him regarding the 
cases where the boys are practically forced to attend, as with all 
the inducements we hold out to them, and where a regoilar 
attendance only is required to earn a bonus, we yet find that of 
the total only 14 per cent, take the trouble to do that. Th^ iii|- 
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provement we have principally noticed ha^ been in timekeeping, 
which has been very marked, and in plotting down the whole of 
the curves, mine and Mr. Spence's practically agree that the 
improvement has taken place at the lower end amongst what was 
previously the worst class of boys, and the curves generally 
follow a line like that indicated on his diagram. 

In the more mechanical trades you get, generally, a better 
result of timekeeping and class work. I do not think the point 
raised by Professor Weighton about the value of the class marks 
would make a great deal of difference. Class marks do not alter 
the general shape of the curves. The conduct does not affect it 
much, the general shape being due to the timekeeping. Four- 
and-a-half per cent, of the boys obtaining marks will not make a 
great deal of difference, and I do not think that doubling the 
marks would add another J per cent, to it. A certain number 
of boys will study. A great part of them will not, and the re- 
mainder cannot. What we want to do is to get hold of the one 
or two who will and the many who cannot. The first will study 
in any case, and the second do not understand what study is. 

Professor Weighton — There is no reason why you should 
handicap study. 

Mr. Vardy — I do not think it is handicapped. You will find 
the boy who studies is good in his conduct and good in his time- 
keeping. My experience is based on the facts just stated, that 
where every inducement is offered, even financial reward given 
for mere attendance, such attendance is most difficult to obtain. 
In running over the various trades in the shipyard you find 
greater tendency to study and best timekeeping among the 
eagineers, joiners, etc., but when you get among the ironworkers 
you fijid no class marks nor fair timekeeping. Conduct, of 
Course, is constant. A word ought to be said with reference to 
the ^reat number of boys who cannot study. I do not think this is 
due to any physical defect, but I do think it is in a large measure 
due to faulty and defective teaching in the elementary schools 
^here, in many cases, the boys are not intelligently taught, and 
leave school after attaining a mere smattering and no under- 
standing of even the most elementary rudiments of education 
and so are quite unfitted to study fu: * without an immense 
exx>enditure of energy which life do not 
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The Sechetarv etulimitted the follawinjr communications: — 

ScoTu Engine Wohks, 

SUKDEELAND, 

Dmnhtt llth, 1907. 
Dear Mr. Duckitt, 

As it IS (luite impossible for nae to attend the mf^eting on 
Fridjiy, and the subject of Mr, Speuce's paper i% particularly 
interesting to nje, I will hv jrlad if you will kindly submit my 
views thereon in writing'. 

The thank§ of the Institution are due to Mr. Spenco for 
bring-ing this mattt^r forward so rl early, and ns the i-e,suHH can 
scarcely be* espceteil to matt* rial ly improve with a longer trial, I 
do not rongider lu*^ pai»*r premature . 

Curve* A J B and C may roughly show the quality of the 
youths relatively to each other, but unfortunately thcro is 
nothing to show whether the extra wage earned has given any 
better results than obtained before the system of marking waii 
started. 

Curve A shows very moderate timekeeping, only 6 out of 65 
youths get full marks, and more than half do not get iiO per cent, 
of possible marks. 

Curve B is most unreliable* and appears to nie quile unneces- 
sary, and to some extent misleading. The fto'eman in the yhop is 
alwajs able tu powerfully influence and control both the conduct 
and the industry' of those working for him, and the mere fact 
of giving a boy a few extra pence per week will not have the 
slightest eifeet on the youth morally. Agtiin, thi§ foreman is 
asked to grade the iKiy.s into no loss than five qualities of con- 
duct, namel5% '* very good,'' " good,** ** fair/' ** moderate/* and 
we must include " bad/' ITiis is beyond the skill of any man 
to do correctly, and further, no fort^nian would he ^o unwise as 
lo ftlu^w his depart luejit in a worse light than others, as it would 
retlect most seriousl^^ upon himself. It is just as likely that 
the improvement, if any, in the curve 1)^ is due to the foreman's 
realisation of his own ixjsitiou, and I ceiiainly think marks for 
*' conduct and iudustj-y '^ should he done away with as mislcad- 
ing^. II a youth's conduct is not up to a i^asonable atandard he 
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absolute failure of the Education Committee's desires. The 
primary object of this Institution's 1903 Education Committee 
was to secure increased technical education. Here again the 
little additional remuneration offered as an inducement to 
attend classes has not influenced anyone, and simply goes to 
prove that the mere earning of a few extra pence per week can 
never have any good moral effect on the boys ; it is not possible 
to influence " character " by such means. 

Compulsory attendance at evening classes is the only solution 
of the difficulty. For many years I have made it a condition 
that every boy who comes to the Scotia Engine Works, Sunder- 
land, to serve his apprenticeship as an engine fitter, must attend 
science classes two nights per week during the winter months, 
and we look to the teachers to advise us of any who do not take 
proper interest in the class work. Two nights per week at a class, 
with posvsibly two nights home-work, for a youth working from 
G a.m. to 5 p.m. is no hardship, his evening work is a complete 
change of thought, and only operates during the winter session. 
The result of such an arrangement is that out of all our appren- 
tices who have served their time with us — 218 in all — 

4 are in business of their own as engineers. 
9 ,, managers and foremen. 

5 ,, draughtsmen (2 with chief's tickets). 
4 ,, chargemen in works. 

4 ,, in charge of electric power stations. 

7 ,, consulting engineers. 

2 ,, boiler inspectors. 

3 ,, in His Majesty's Navy. 
3 ,, at college. 

95 ,, chief engineers at sea. 

38 ,, 2nd engineers at sea. 

15 ,, junior engineers at sea. 

3 ,, working abroad. 

3 ,, in their father's business. 

8 ,, deceased. 

15 only are fitters and turners (mostly working with us). 

218 total. 
A complete list giving the names and present positions of 
all old apprentices is every few years posted on our works' 
notice board. 

YQU XXIV.-U09. ^ 
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It will be seen from the above that compulsory attendance 
at evening classes has been most successful; and as every boy 
with his head screwed on properly would a thousand times rather 
have promotion in the workshop than a trifling rise in wages, I 
prefer to secure the best from my lads by seeing that the fore- 
men take a proper interest in them, and encourage them by fre- 
quent and regular advancement in the workshop during appren- 
ticeship. 

Many of our members will have heard of cases where boys 
have been kept a couple of years at one machine simply because 
it entailed less work on the foremen than frequent changing, 
whilst other boys are doing labourer's work for a considerable 
portion of their time. 

The interest taken in our boys is of mutual benefit to appren- 
tice and employer. The boys get such a thorough training that 
they are in constant demand by inspecting engineers, and there 
is little difficulty in getting rid of them when their apprentice- 
ship is completed. As employers, we command a large number 
of applicants, and select our boys carefully; we not only make 
compulsory attendance at evening classes one of the conditions of 
servitude, but we will not take any as apprentice fitters who have 
not passed into the Ex. VII. standard, or, if from a private 
school, are e(iual to this. In c(mnection with our local colleges 
we have alvva3^s permitted a much larger percentage of our fitting 
shop boys the privilege of attending the three year day course for 
the 15.8c. degree than any of the other large works in this dis- 
trict. In 1907, out of a total of 55 fitting shop apprentices, 10 
were attending college on this sandwich arrangement, and as 10 
is the largest number we can at present arrange for and more 
have passed their entrance examination and are waiting their 
turn, preference is given to those who secure a fret> studentship 
at our Snnderland Technical College. 

The better (juality lad, working under more encouraging con- 
ditions, requires less supervision, and in reply to some who seemed 
inclined to dismiss the whole subject by saying '* it was easy to 
control boys in a small shop," on the ground that there were 
fewer boys per foreman, I have compared our tJOl men and 89 
apprentices with another engine woi-ks' OKi men and 173 appren- 
tices, and find that for every £100 of wages paid to men and 
l>oy«^. our supervision costs us Mi 14s. as against £7 3s. in the 
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larger shop, and while this is the fairest comparison I can con- 
ceive, I see no reason to believe that there are more foremen than 
necessary in the larger works. 

The question as to how we are to improve the quality of our 
engineers is of vital importance to the nation, and I am firmly 
convinced that a small rise in wages to the boys will never have 
the beneficial effect the Education Committee of 1903 desired. 

Yours faithfully, 

Alfred Harrison. 

SouTUwiCK Engine Works, Sunderland, 

December 20th, 1907. 
Dear Mr. Duckitt, 

I am sorry I am unable to be present at the reading of Mr. 
Spence's paper, but, in response to your invitation, I beg to offer 
some brief comments, based on our experience of a similar 
. apprenticeship encouragement scheme. 

I agree generally with the deductions so clearly expressed 
by Mr. Spence. An apprentice scheme, with its system of 
records, is an advantage from the employer s point of view, in 
giving him information aa to his apprentices, and it gives the 
apprentice the chance of making his worth known, and those 
advantages alone would justify the trouble and time taken to 
carry it out. 

Timekeeping, — I think rewards encourage the probable pre- 
mium winner to adhere to his good timekeeping, but they do not 
xnaterially help to general good timekeeping. The large majority 
of apprentices are either indifferent, or find the conditions too 
difficult, and their timekeeping has to be cared for by other 
xnethods. 

Science Classes, — We find that a larger number of boys attend 
aha%Qs, and this is again; but there ha« been no increase in the 
number of examination passes, and the number as yet is regrett- 
»hly small. 

Conduct and Industry. — For the reasons mentioned by Mr. 
Spejice, and our own experience confirms them, there is an un- 
desirable uncertainty in the allocation of these marks, which may 
unduly affect the results. At the same time the reports are 
useful, as records of conduct, and help to keep the official in 
^^^^^8'e in touch with his apprentices. I think a fair compromise 
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might be made by reducing the marks allowed under this head- 
ing to half, saj' GO, the minimum qualification markfi of 180 
being reduced to 150. 

I send you particulars of our system, and some figures show- 
ing the results of three years' working. Our results are not so 
favourable as those shown by Mr. Spence, partly because our 
minimum qualification for premium requires 60 per cent, of the 
full marks for timekeeping, and is therefore more stringent, and 
partly because the premiums under our scheme are lower. In 
these respects, however, we may, after a little further experience, 
amend our system. 

I have not include<l particulars of the premiums earned in 
other departments, as these are not included in Mr. Spence's 
figures, but shall, of course, be glad to give these, and any other 
information, if it is wanted. 

Yours faithfully, 

Hexry Clark. 

P.S. — Our system does not credit the apprentice with any 
overtime worked, although we have complaints that it is the 
cause of lost time in the mornings. Does Mr. Spence provide in 
any way for the effect of overtime worked ? 



Apprentice Encoubaoement Scheme. 
Results of Three Years' Working at the Southwick Engine Works, Sunderland. 

Year 1901-1905. 





Numtjer 
KmployetL 


Number 
AwardcHl 

BOIIUB. 


PercenUce of 

Number 

Employed. 


Fitting shop 

Pattern shop 

Plumbers' shop 


111 

20 
5 


39 

14 

2 


35-2 
70-0 
40-0 




136 


55 


40-5 



Year 1905-1906. 





Number 
Employetl. 


Number 
Awarded 
Bonus. 


Percentage of 

Number 

EmployciL 


Fitting shop 

Puttem shop 

Plumbers' shop 


135 

21 

6 


42 
11 

1 


311 
52-3 
167 


162 


54 


33-4 
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Year 1906-1907. 



Fitting shop 

Pattern shop 

Plumbers' shop 


Number 
Employed. 


Nimiber 

Awarded 

Bonus. 


Percentage of 

Number 

Employed. 


152 

22 

5 


40 

20 

2 


26-3 
90-9 
400 


179 


62 


34-6 



Total Number of Marks assigned to Apprentices in Fitting Shop, 
Pattern Shop, and Plumbers' Shop. 



Timekeeping 

Conduct and ability . . . 

Day classes 

Evening classes 


1904-1905. 


1905-1906. 


1906-1907. 


2090 
2516 

178 

277 


2040 

2179 

280 

275 


2219 

2583 

985 

110 


5061 


4774 


5897 



Average Number of Marks per Qualified Apprentice. 



* Conduct and ability . . . 

tDay classes 

Evening classes 


1904-1905. 


1905-1906. 


1906-1907. 


38 00 

45-75 

3-24 

503 


37-80 

40-42 

619 

6-09 


36 8 

41-6 

15-9 

1-8 


9202 


88-50 


95-1 



Average Time and Conduct Marks per Apprentice (Based on Total 
Number Employed in Works). 



Timekeeping 

Conduct and ability . . . 


1904-1906. 


19(^1906. 


1906-1907. 


15-4 
18-5 


12-60 
13-45 


12-40 
14-30 



Number of Apprentices Receiving Marks for -Class Results. 



Fitting Shop 

Pattern Shop 

Plumbers' Shop 


1904-1905. 


1905-1906. 


1906-1907. 


Day. 


Evening. 


Day. 


Evening. 


Day. 


Evening. 


1 


7 
2 


2 

1 


7 

1 


4 

1 


2 
2 


Total 


1 


9 


3 


8 


5 


4 



* The average number of marks for conduct and abilitv should have been considerably larger for the 
year 1906-1907, aa the scheme was morliiied to the advantage of the apprentice. 

t These are the marks assigned to those apprentices who competed successfully for studentships at 
the Technical College, namely :- 190 4-1905— Currie ; 1905-1906— Currie, Duncanson, Sutcliffe; 
1906-1907— Carrie, Duncanson, SutclifFe, Snowball, Bentham. 
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Scheme for Encouragment of Apprentices. 

Messrs. George Clarh, Ltd., Southwick Engine Works , Sunderland, 

1. — ^Witk the object of encouraging Technical Education and 
advancement of Apprentices employed at these Works, it has 
been decided to award marks each year, commencing! from 
September, 1904. These marks will be apportioned as follows : — 

-4. — For good time-keeping, maximum 60 marks. 

One mark will be deducted for every three hours lost 

time. 
No marks will be deducted when an Apprentice is 
absent with leave, or when a certificate is produced, 
from some responsible person, proving illness. 
B. — For progress and general ability in the Shops, 60 marks 
maximum. These marks will be awarded in 
accordance with reports furnished by the Foremen. 
CI. — For each approved Science and Art Examination in 
Engineering Subjects marks will be awarded ac- 
cording to the following scale : — 

Honours Stage let Class, 80 marks. 

»> » 

Stage m. 

»» >> 
Stage II. 

»> >> 
Stage I. 



2nd 




60 


Ist 




60 


2nd 




40 


Ist 




25 


2nd 




15 


Ist 




10 


2nd 




5 



C2. — Should the Apprentice be attending the Technical 
College, marks for positions in class lists at the 
Local Examination (Evening Classes) will be 
awarded as follows : — 



Ist Class 


in 


any D Class 


. 100 marks 


maximum. 


2nd 




D 




80 „ 




3rd 




D 




60 „ 




1st 




C 




60 „ 




2nd 




C 




45 „ 




.^rd 




C 




. 30 „ 




1st 




B 




. 30 „ 




2nd 




B 




20 „ 




3rd 




B 




10 „ 





For 1st Class in A College Classes, or in Local Institutions (such as 
Y.M.C.A., Hendon Church Institute, Hudson Road, etc.) where 
the Examination is held under College supervision ... 10 marks. 

For 2nd Class do. 6 » 
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Note 1. — The marks in group C2 are the maximum obtain- 
able for those Examinations, and include an allow- 
ance for regularity of attendance and home-work, 
consequently full marks can only be obtained in 
this section by success in home-work and good 
attendance, as well as success at the Examination. 

Note 2. — Groups of Studies. 

Advanced and Honours Students are advised to take 
complete groups of five subjects, all to the same 
grade, as given in the College Evening Prospectus, 
for certificate courses. Those students who are 
successful in passing these groups of subjects will 
receive a bonus of 50 marks. 

II. — Apprentice Students. 

Apprentices who obtain a free studentship under the Tech- 
ical College Scheme will be allowed for time-keeping 30 marks 
laximum, and for good progress in Works 30 marks maxi- 
lum, and marks for College work will be awarded on con- 
Ideration of the results obtained by the student, an allowance 
eing made for regularity of attendance, etc., at the College. 

Those Apprentices who enter for the Annual Open Competi- 
on for Apprentice Studentship will be allowed a bonus of not 
lore than 25 marks if their papers are sufficiently well reported 
1. 

III. — Apprentices will notice that the marks for Evening 
lasses are proportioned in such a way as to encourage more 
;pecially attendance at the Technical College and the Technical 
ollege Examinations ; and also to encourage a systematic course 
f education by giving a bonus to those Apprentices who take the 
groups " of subjects advised in the Technical College Pros- 

3CtU8. 

Marks will only be given for Examinations passed in the cur- 
3nt year, except in the case of those students who take the 
[onours or D Classes, having already passed the Advanced or C 
;age in some previous year ; such students, in case of failure to 
ass the Honours Examination, will be allowed to count the 
larks they earned previously at the Advanced or C Examina- 
Lons. This is done with a view to encouraging Apprentices to 
ike the higher courses of study. 




86 DISCUSSION — EDUCATIONAL COMMITTEE'S RECOMMENDATIONS. 

Students will be expected to show improvement each year in 
the results of their Examinations, and the full marks allowed 
for any given pass can only be obtained in one year. Should 
the student only succeed in obtaining the same pass a second 
time, the marks obtainable will be reduced by 10 per cent. 

IV. — A bonus at the rate of £1 per 100 marks gained will be 
paid to all Apprentices who obtain not less than 60 per cent, of 
the possible marks for timekeeping. 

Apprentices will be refunded the amount of fees paid by them 
for Approved Evening Technical Classes on production of the 
Teacher's certificate that their attendance has been within 20 
per cent, of the possible number of attendances. 

Special consideration will be given to the applications of 
those Apprentices obtaining the best results during their appren- 
ticeship, with reference to admission into the Drawing Office, and 
promotion in the Shops. 

Apprentices attending Evening Classes will not be required 
to work overtime on Class evenings. 

Apprentices who fail to obtain any marks for timekeeping 
will be liable to dismissal. 

The Firm reserve the right to modify or withdraw this 
Scheme. 

St. John's College, Cambridge, 

Decemher IWi, 1907. 
Dear Mr. Duckitt, 

It gives me much regret that I am unable to be present at 
the meeting next Friday to join in the discussion of a subject of 
such exceptional interest and importance. Mr. Spence cannot 
be praised too highly for his systematic and scientific way of 
grappling with the question of engineering education. It is 
only by carefully tabulating actual results as he has done that a 
departure can ever be made from the chaos in which everyone 
considers his own idea the obvious settlement of the matter and 
cannot understand why other i>eople will not see it too. 

One or two points are especially suggestive. What was the 
school education of the better lads? In most cases that have 
come under my personal notice the lads who did well at evening 
classes were those who had stayed rather longer at school and 
obtained somewhat of a grounding in mathematics and acience; 
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and, which is of much greater importauce, somewhat also of the 
art of learning. For it is just about the age of sixteen that this 
begins to be acquired. One esp-ecially notices the superior edu- 
cation of Scotch lads and this no doubt largely accounts for 
their success. I have been astonished to find that an ordinary 
Scotch fitter had gone (jiiite far when at sch(X)I iji such subjects 
as Latin, Algebra, Euclid, Physiology, etc. 

This is an important point. AVe want to know whether 
staying on late at school means an ultimately more intelligent 
nuni ; whether it means a more or less highly skilled irorkituuty 
and what steps are to be taken to keep the right Iwys longer at 
-school y 

This also introduces the question of a systematic scheme of 
evening classes. Would it not be possible for the Education 
Committee of this Society to sanction one or two definite courses 
of study, stadting from the fii'st year of apprenticeship, in con- 
tinuation of the school course? There might be two or three 
grades according to the level of attainments of the lads when 
they start. The course to be followed by any one student could 
be determined by a qualifying examination, leaving certificate or 
something of the kind. These courses might not be rigidly ad- 
hered to, but at least they would serve as a guide for the lad who 
does not know what to take. As things are, he selects at random 
from those classes which have the most practical names and two 
or three years later finds that he has missed the grounding neces- 
saiT to tackle the more difiicult subject. 

The only other point is that I am inclined to value the ettect 
-ot evening classes for the less capable lad more highly than Mr.- 
Spence. The subject usually chosen by these is machine design 
and does a great deal to train their obsei-vation of the things 
iiround them : making them better workmen, although they may 
never have the character to rise to the highest positions. 

Yours faithfully, 

Hammond B. Jenkins.^ 

The discussion was adjourned. 
The meeting was dissolved. 
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NORTH-EAST COAST INSTITUTION OF ENGINEERS 
AND SHIPBUILDERS. 



TWENTY-FOUBTH SESSION, 1907-1908. 



PROCEEDINGS. 



THE THIRD GENERAL MEETING OF THE SESSION WAS HELD IN 
THE LECTURE THEATRE OF THE UTERARY AND PHILO- 
SOPHICAL SOCIETY, WESTGATE ROAD, NEWCASTLE- UPON- 
TYNE, ON FRIDAY EVENING, JANUARY 10th, 1908. 



W. H. DUGDALE, Esq., M.Inst.C.E., President, in the Chair. 



THE LATE MR. ROBERT THOMPSON. 

The President said — Before commencing' our business this 
evening, I feel that I shall only be expressing the very deep 
1 egret of this Institution, in reconling our sympathy with the 
family of the late Mr. Robert Thompson, upon his death. You 
'*'ill remember he was one of the founders and one of the first 
members of this Institution. I need hardly tell j^ou how this 
Institution originated; how a letter, which was written to the 
papers by a gentleman who is among us this evenin^g, was aft-er- 
^ards followed up by meetings held in Newcastle and Sunder- 
land, and that Mr. Robert Thompson, and one or two others 
present to-night, attended the Sunderland meeting and supported 
^^^ scheme. He was, therefore, one of our first members, and I 
^^ not think that any member has taken a more deep and real 
^^terest in the well-being of the Institution and the welfare of 
^U members than Mr. Thompson. He was, as you know, the 
fiiUl Pie«id^t of the Institution, from 1892 to 1894, uud those of 
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US who are members of Council deeply regret the loss of one who 
has been of great assistance to us in our deliberations, and I 
think few of us sufficiently realise the deep and continuous in- 
terest which he has taken in this Institution ; and not only in 
the Institution itself, but also in the associations and institu- 
tions with which we are moi^e or less associated. For instance, 
Mr. Thompson was one who took the deepest and most active 
interest in promoting and founding the Chair of Engineering 
at Armstrong College, and rendered not only personal, but finan- 
cial, assistance, in order to obtain the experimental engine and 
boiler, and all the necessary apparatus for the engineering 
laboratory. There have been very few members who have been 
so ready at all times to lend a helping hand, financially and 
otherwise, towards the interests and well-being of this Institu- 
tion. Unfortunately, " the evil that men do lives after them : 
the good is often interred with their bones." I hope, however, 
in this case the converse will prove equally true, and the good 
Mr. Thompson has done, not only to the Institution, but also to 
the industry with which he was connected, and the various 
scientific institutions with which he interested himself, will act 
as an incentive to us who are still working on, to follow in his 
footsteps. 

The President's remarks were acquiesced in bj^ the members 
present rising to their feet in silence. 



The vSecretary read the minutes of the previous meeting helc\ 
in Newcastle-upon-Tyne on Friday evening, December 20th. -. 
1907, which were confirmed by the members present, and signe*^ 
by the President. 



The discussion on Mr. J. H. Heck's paper on " The Effect c 
Work and Time on the Properties of Mild Steel and Iron " we 
1 med and closed. 

d ission on Mr. W. G. Spence's paper on *' Notes fro 
8* Working of the Educational Committee's Recor: 
ns " was resumed. 

. H. R. Jarvis read a papier on " Floating Docks." 
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RESUMED DISCUSSION ON MR. J. H. HECK'S PAPER 
ON " THE EFFECT OF WORK AND TIME ON THE 
PROPERTIES OF MILD STEEL AND IRON." 

The President said — With reference to the adjourned dis- 
cussion on Mr. Heck's paper, we have a short communication 
from Mr. James Sibun, Jun., who, by permission, spoke at the 
last meeting. You will remember that three or four gentlemen 
spoke afterwards upon the corrosion of steel, and I asked Mr. 
Sibun if he had anything to say on that subject, as he did not 
touch upon it in his remarks, and he has sent us a small com- 
munication. 

The Secretary read the following communication from Mr. 
Sibun : — 

54, Linden Road^ Gosforth. 

January 8th, 1908. 
Dear Mr. Duckitt, 

I should just like to add a few words to my remarks regarding 
the difference between the effect of corrosion on iron and steel. 

Both metals being STibjected to the same corrosive agent, it 
may be expected that in the case of steel, with the exception of 
surface irregularities, the corrosion will proceed fairly uniformly 
from that surface, i.e., the point of •ttack is from the surface 
only. Not so in the case of puddled iron ; this not only possesses 
surface irregularities, but these lead to innumerable cavities 
(most of them filled with porous slag), which permeate the whole 
mass of the iron, and once corrosion is well started, it goes on, 
not only from the surface, but also from each cavity which may 
Jh^^e become saturated with the corrosive liquid. 

I think this will explain the reason that Mr. Heck obtained 
such bad results from his old iron tests, and goes to prove what 
-*- '^aid before, that even if steel did corrode quicker than iron, 
^^ have, at any rate, something left which is relatively as good 
^s the original material, whereas in the case of iron it is a brittle 
^^d Useless mass. 

Yours faithfully, 

James Sibun, Jun. 

The discussion was closed. 
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ME. HECK'S REPLY. 

Mr. J. H. Heck, replying to the discussion, said — I must 
thank Mr. Boyd for his remarks and the interesting informa- 
tion he gave. It is very satisfactory to know that the first vessel 
built in this district entirely of mild steel, although 30 years old, 
is still afloat, sailing from Gothenburg, and that the first boiler 
built in this district of mild steel by Mr. Boyd's firm enjoyed 
a long life and lasted for 23 years. These facts are all the more 
gratifying when it is remembered that the scantling for both 
the vessel and the boiler was considerably less than that required 
for iron. None the less striking was Mr. Boyd's quotation in 
regard to the difference in size and price between the early mild 
steel plates and those of the present day, or the comparison he 
made iis to the increase of tensile strength between the steel 
lK>iler plates of the ** Buth " and those of the " Mauretania." 

In regiird to Mr. Twaddeirs remarks, I am unable to say 
anything new concerning rivet attachments, or as to the effect 
of time on iron and steel rivets. In boilers which have been 
working under high pressures for many years, it is remarkable 
how (igh( ihi" joints are kept by steel rivets; they seem in this 
rospoot. under severe eonditions, to be superior to iron rivets. 
To build stiM^l lK>ilei*s with iron rivets woTild, in my opinion, 
raiso tlu^ n\te of corrosion and reduce the tightness of the joints. 
The ivst of Mr. Twaddi^ll s remarks wei-e most intei^e^ting, but 
need no c<unmonts on my part. 

C<^rr<}sif>n. I am practically in asrivement with Mr. Jamet^ 
and Colonel White, the diilcivnce Ivtween us is only one odF 
detail and doi^rcc : it ictcr^ to tlu^ passage in my papt»r on pag^^^ 
•Vv. " a half-inch plate of steel, if the conditions are similar' — 
ap|x\irs to withstaiid corrosion just as well as a half-inch plat ■ 

of in'^n.'* Coh^icl Wright says very rightly, that I would ha\ ^ 

IxMMi perfectly safe if 1 had addtvl, where the steel is '* properl THI 
l(^<>kc(i after and pro]>crly protected." Of course, this is quit^^ 
tine, anil <tet^1 >hi]iv so tn^ated will nt^t cost much, even ov^^=^ 
lonir. ]>erit><K. -for repairs <lne \o corrosion : none the less it 
a1^o \]\\i' iliat tlu^ onn's^it^n of sut^h treatment has to be j>;\id f^*" - 
in in^i a^ \\el1 as steel strnctnri^. 

1 ran i»nl\ rn^ply to the jxviiitv on corrosion in a brief ai:r=^*^ 
giMieial >^a\. lt> action is line to chemical and mechanics -^^ 
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causes, acting either singly or together, the effects being diffe-rent 
in appearance, under varying conditions, such as work, tempera- 
ture, vibration, buckling and other causes. When tested by the 
light of careful research and patient obsei"vation, it is difficult 
to uphold the tradition which has been touched upon, that mild 
steel corrodes more quickly than iron, and for that reason, ever 
since it was started some 30 years ago, the great majority of 
scientific men have been against it, and have held that the 
ooiTosion between the two metals is not veiy different and that 
discrepancies could be explained beoiiuse. the conditions were 
not similar, nor the comparison free from interfering circum- 
stances. The comparative rates of corrosion of the two metals 
iron and steel is a subject which has occasioned much discussion 
and experimental work, but never with very satisfactory or con- 
clusive results. There is often more difference in the rates of 
corrosion of two different iit>n plates than in that of a steel 
plate and an iron plate. 

In order to study the law of corrosion you must have simi- 
lar conditions; a little difference in the conditions may cause 
a much greater difference in the results. Experiments made 
in a house or laboratories give different results to thoee made 
on a ship. The results obtained from suspending a piece of iron 
or steel in a boiler or ballast tank ai-e different to those which 
would be obtained if the same material formed part of the boiler 
or tank and had work to do. 

Form and dimension has also influence as well as work. In 
a. bunker a plain angle will not withstand corrosion, wear and 
tear and hard conditions so well as if the same material was 
^nade into a bulb angle. Sharp surfaces and lines invite corro- 
sion; they can also not be painted. A thin plate attached to 
:&anies 20 inches apart will not corrode nearly so much as if 
attached to frames 26 inches apart. A thin sheet of iron or 
^teel of rectangular or square form, if it has work to do, will 
^^not stand corrosion so well as if the same material was rolled 
into the form of an ordinary tin canister, having a bottom at 
^::>ne end and a cover at the other. In the same way the shell of 
^ cylindrical boiler will not corrode nearly so much as if the 
^ame material was made up into a rectangular form of boiler 
-^^s was common years ago. The higher the tenacity of the iron 
^^r steel the better it appears to withstand corrosion. 
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It IS often misleading" to judge at first sight the relative cor- 
rosion between thin and thick material, such as a thin corroded 
steel plate and a somewhat thicker corroded iron plate. While 
the amount of loss by gauging may be found equal in both 
cases, to even the trained eye, at the first glance, the thin 
material appears to have suffered to a greater extent. If two 
plates are taken, respectively one-quarter of an inch and one- 
half inch in thickness, and both lose one-eighth in thickness, 
the loss in the thin plate will be 50 per cent, and in the thick 
plate only 25 per cent. The eye at once detects this and receives 
the impression that the thin phite has suffered most ; the actual 
loss of material, however, in amount and weight, will, of course, 
be the same in both cases. Some poor material which is called 
iron is only partially iron, as it contains a large amount of 
non-metallic impurities such as cinder and slag. The effect of 
work and time upon such material appears to impair the pro- 
perties of the metai it contains and to make it unreliable, while 
it may not appear to waste so much as material of fair or good 
quality ; the waste, although not apparent to the eye, is none 
the less there. 

All my ol^ervations have led me to form the general opinion 
that steel or iron of goo<l quality and of (Hjual thickness, if the 
conditions are similar, will withstand corrosion equally as well. 
Thin material, whether iron or steel, if it has work to do, owing 
to its gi'eater flexibility, will corrode to a greater extent and 
at a more rapid rate thaji thicker material. For the same 
reason thin material, whether iron or steel, under the same 
condition, is more liable to corrosion than thicker material, 
because it is more difficult in the case of thin material to keep:^^ 
the surface covered or protected. Thickness of material, there 

fore, for more reasons than one, either for iron or steel, is a. 1 

important factor in all structures subject to corrosion or wei^-^"^"^ 
and tear. It is also, therefore, not correct to compare either t^W— i 
amount or rate of corrosion of a thinner steel material wi — ' 
that of a thicker iron material ; if the comparison is to be ace"«- — ~i 
ate, it should be made with material of equal thickness, and 
is on Much (^(miparison thai the statement made in the pa^J_ -^< 
is based. 

It is known that when coitcksiou is allowed to take pi* "^"^'^ 
in a vessel it is usually confined to the weather deck pla^t-^^-^^ 
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the inBide of the bimfcer and the double bottom, just under the 
boiler, and the reason why this is so is well known and has 
often been pointed out. In such parts, if no effort is made to 
oope with or stop its progress, especially in the early stages 
of a vessers life when, owing* to the shedding of the mill scale, 
a little care and attention is of the most use, then corrosion, in 
some cases much corrosion, is bound to take place, and it would 
be a miracle if it did not do so. In such cases and in such places, 
if the steel scantling is of less thickness than the iron scantling, 
it follows, for the reason already given, that corrosion will go 
more rapidly through the thinner steel material. If, however, 
the scantling, whether iron or steel, is of equal thickness, then 
it will take corrosion just as long to go thix)ugh either, and the 
amount and rate of wasting will be practically equally the same 
in both cases. 

Colonel White has told us it is difficult and troublesome to 
get iron of good quality. That difficulty will increase in the 
future, and for that reason, before many years are over, vessels 
will be made entirely of steel. When that time comes, parts 
which are now sometimes made of iron will also no doubt 
then have iron thickness. 

In regard to marine boilers there is no need to say much ; 
in my opinion it would be a waste of time to do so. Time 
has clearly shown that the corrosion in a marine boiler made 
of steel is less than that which took place in marine boilers 
when made of iron. The greater fife of the modem marine 
boiler is at all events partly due to the material of which it is 
made, to its form and to the thickness of its scantling. Steel 
as a material is now almost exclusively used for the great 
majority of all kinds of boilers. 

Mr. Morison's contribution is most useful. I share his 
opinion in regard to ordinary scrap iron shafts. He is quite 
right; if a shaft is to be of iron it should be made of manu- 
factured iron of good quality and of a known brand. Such a 
shaft is more to be relied on ; it is an open question and there 
is a difference of opinion. I believe, however, that before long 
all shafts will be nuide of ingot steel. It was very gratifying 
to hear Mr. Morison, in reference to the material of old steel 
furnaces, make tie remark that he had tested the steel repeatedly 
and had never come across a single case which deviated to any 
appreciable extent from the original tests. 
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Mr. Shaw stated that stringer plates corrode less than deck 
plates ; the reason is simple, stringer plates are always thicker, 
therefore the amount and rate of corrosion is less. Mr. Shaw 
also stated that while taking decks as an example, his remarks 
were also intended to apply equally to all other parte of the 
ship ; I agree with him. Take his illustration of a partial awn- 
ing deck, with steel decks '3 inch thick, and an iron deck '375 
inch thick ; he tells us he has always found the diminution is 
pro rata to the original thickness. That does not dififer much 
from my experience, that with equal thickness the amount of 
corrosion is practically fhe same with either material. 

Mr. Hobson is no doubt right, that with some feed waters 
iron may be better for locomotive boilers; they are, however, 
exceptional cases and do not alter the fact as stated by himself, 
" the steel locomotive boilers are in a great majority." The iron 
he showed us is good material and somewhat different to the 
iron referred to by Mr. John in this room in 1881, at the meet- 
ing of the Institution of Mechanical Engineers. In regard to 
the best material for locomotive crank pins, that is not touched 
upon in my paper and I do not care to discuss it now. Mr. Hob- 
son is a young man, and I believe tiat the members generally 
much appreciated his action in taking part in the discussion, 
and I hope he will do so again. In my opinion, a young mem- 
ber misses a good chance of lifting himself out of the ordinary 
init and making himself known and felt, if he omits to take part 
in the discussions of this Institution. 

I am generally in agreement with what Mr. Sibun said. I 
must thank him for the tables of results he has given us in. 
regard to tests of high tensile steel ; I believe they will be of 
interest and value to the members. 

In reply to Mr. Si>ence, in a marine boiler the short screws 
st^ys have to withstand other strains than those of a purely 
tensile nature; ii'on stays, if fitted, require to be of a largeir 
diameter than steel stays ; in such cases I would prefer iron^ 
stays. If, however, the slioH screw stays were made of steeL 
and of th(^ same diameter or section as required for iron ones^ 
tlien I would strongly recommend the shipowner to have th^ 
steel stays: thoy would do more service in many ways. 

1 do not share the views ot Messrs. Andrew and Tocher j 
in my opinion they are not in accordance with careful and 
patient observation. 
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Mr. • Landreth's experience, as stated ia his letter, agrees 
much more closely with what I hold time has shown to be sound. 

The paper was only intended to deal with constructional 
work, such as the hulls of vessels and their boilers, and the 
tables confinn this view. The discussion, however, has travelled 
over a wide range of subjects, such as the best material for 
bolts of Teciprocating engines for torpedo destroyers ; lap-welded 
and other tubes for locomotive and other boilers; the relative 
welding properties of steel and iron, and other subjects foreign 
to the tenor of my paper. It is manifcBtly impossible for me 
to deal with such important matters in a reply to my short paper. 
If I might venture to suggest, it would be that papei-s should 
be given by the various gentlemen on such points, stating their 
views and the reasons for their views; the subjects could then 
be discussed in a complete and suitable manner. 

I have again to thank those gentlemen who took part in the 
discussion, and also those who so kindly helped to make the 
many tests which formed the ba»is of the paper. 

On the motion of the President, a hearty vote of thanks 
was accorded by acclamation to Mr. J. H. Heck for his interest- 
ing paper. 
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RESUMED DISCUSSION ON MR. W. G. SPENCE'S PAPER 
ON "NOTES FROM FOUR YEARS' WORKING OF 
THE EDUCATIONAL COMMITTEE'S RECOMMENDA- 
TIONS." 

Mr. D. B. MoRisoN said — I have read Mr. vSpenee's paper with 
great interest and was particularly struck with the fact that the 
percentage of boys obtaining a position under the scheme was 
practically identical with that at Hartlepool, namely, round 
about 40 per cent. The Apprentice Advancement Scheme was 
introduced at the Hartlepool Engine Works in October, 1902, 
and is set forth below, together with a tabular and diagram- 
matic report for 1907 (Plate XII.). There are two leading 
features in these results, namely, the small number of boys gain- 
ing a high range of marks and the absence of any evening class 
work in a large number of departments, such as the foundries, 
boiler shop, lathe shop and smith shop. On making enquiries 
as to the cause of the latter, I was informed that the boys stated 
that the evening class work was so difficult that they were dis- 
couraged, and gave up attending. So, with a view of testing the 
accuracy of this statement, and also of encouraging these boys to 
take some little interest, I arrange<l for a special examination in 
simple arithmetic and writing to be held at the works. The boys 
who passed were each credited with 20 marks, so that a boy in 
the foundry, for example, who passed this examination and also 
obtained full marks for timekeeping and conduct would be enti- 
tled under the scheme to a weekly addition of tenpence to his 
pay for a whole year. 

Mr. F. H. R. Alderson, Headmaster of the Grammar School, 
Hartlepool, very kindly offered his services as examiner, and 
notices were posted in all the departments of the works setting 
forth the conditions, one of which was, that twelve attendances 
should be made at some evening class in the towa, equivalent 
to, say, 12 hours per annum. I was gr tly sur to find 

only nine presented themselves for this 
disappointed that only two obtained the 
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pass, but with the object of stimulating some enthusiasm, we 
passed every boy. The following year our Works Manager, Mr. 
Kennedy, arranged with the various chiefs of depai-tments to 
interview some of the likely boys and do all they could to make 
the examination a success. The result was that there were 
fourteen applicants, or five more than the previous year. Last 
year the usual notices were posted in the works; there were, 
however, only two applicants, one of whom was disqualified. We 
have in the works 369 apprentices, and of these 40 per cent, or 
147 obtained positions under the Advancement Scheme, but only 
10 per cent, obtained marks for evening classes. The remaining 
60 per cent., or 222 boys, were all eligible for the works elemen- 
tary examination, and yet last year only one boy qualified. 

When in Germany some time ago I was shown over the very 
large works of Messrs. Thyssen & Co., of Mulheim, and in reply 
to an enquiry as to how many boys attended evening classes in 
the winter I was informed that fully 90 per cent, went to some 
class or other. At these Mulheim works the manufacture of 
boiler plates, boiler furnaces, sheet steel, band steel and the like 
is carried on, so that they are more akin to steel works than they 
are to the works of Messrs. Richardsons, Westgai-th & Co., Ltd. 
I have no idea how many boys from the local steel works attend 
evening classes, but I should assume the number would be 
practically nil. 

From a technical educational standpoint, my original enthu- 
siasm has been modified into hopefulness, and we have decided 
to continue the scheme, which last year involved an expenditure 
of £210, and as time goes on perhaps the boys will realise that 
on the manner in which they spend their time during their ap- 
prenticeship will largely depend their success hereafter. 

There is another phase of this scheme, however, apart from 
the educational uplifting of the boy, namely, the effect it has on. 
the internal economy and discipline in the works, and I will leave 
Mr. Kennedy, the works manager at Hartlepool, who has taken 
a great personal interest in the scheme since it was inau- 
gurated to relate his experience and give you his views. Mr. 
Kennedy will tell you that fioni a works management point of 
view the scheme has been a great success, and that is also my 
opinion. 
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ADVANCEMENT OF APPRENTICES. 

The following scheme for the advancement of apprentices employed at the 
Hartlepool Engine Works was adopted as from October 1st, 1902. 

At the end of September in each year, each apprentice is awarded marks as 
follows : — 

For each approved examination in Science or in Practical 

Mathematics passed during the year ... ... ... 20 marks. 

For each approved examination in Science or in Practical 
Mathematics passed during the year : advanced stage — 
first class 40 marks. 

For time-keeping, a maximum of 40 marks. 

For good conduct, perseverance and progress in the work- 

shops, a maximum of 40 marks. 

Marks for time-keeping will be deducted at the rate of one mark for every 
three hours lost, but no deduction will be made for special leave, or for sickness if 
certified by a doctor. 

Conduct marks are awarded by the chief foremen of departments on the 
following scale : — 



Very good 


... 40 marks. 


Moderate 


... 10 marks. 


Good ... 


... 30 marks. 


Bad ... 


... NU. 


Fair 


... 20 marks. 







An apprentice obtaining 60 marks has the sum of sixpence added to his 
weekly rate of pay for the ensuing year, and for marks in excess of 60 his rate is 
proportionately increased. 

Fob Example. — An apprentice passing in two Science subjects at the Evening 
Science Schools in May is entitled to 40 marks ; for very good time-keeping during 
the past year, 40 marks ; and for general good conduct, perseverance and progress 
in the workshops, a maximum of 40 marks ; total 120 marks. This entitles him 
to an increase of one shilling per week on his rate of pay from October Ist in eacli 
year, for one year only, but payments under this scheme cease on the termination 
of apprenticeship or on dismissal. 

Should an apprentice obtain say 30 marks for time-keeping, and 40 for good 
conduct, perseverance and progress, or a total of 70 marks, his rate of pay is 
increased sevenpence per week, and so on. 

No payment under this scheme is made to apprentices obtaining less than 60 
iQarks, and apprentices who fail to obtain any marks for time-keeping, good 
conduct, perseverance and progress are subject to dismissal. 

Apprentices commencing their apprenticeship between October 1st and 
March 31st are entitled to half rates only for their first year for good conduct 
^nd time-keeping. 

Promotion in the workshops and admission to the drawing office will depend 
^n marks obtained. 

RiCHABDSONS, WeSTGABTH & Cc, LtD. 

D. B. MoRisoN, Managing Director. 
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RICHARDSONS, WESTGARTH & CO., LTD., 

HABTLBPOOL ENGINE WORKS. 



APPRENTICE 
List op Sucobssful Aj^prbnt 

Thoee marked * commenced their Ap 


ADVANC 


EMENT SCHEME. 
B Ybar ending Sbpti 

tween October Ist and Marcl 




[CE8 FOR TH 


SMBKB, 190i 


prentic«8hip b€ 


3 31st. and are 


entitled to Half-rates only for Good Conduct and Timekeeping. 






MARKS. 


Advance 

in 

Pence 


NAME 


Time- 
keeping 


Science 


Total. 




and General 


Classes. 


per Week. 




Conduct. 








Drawing Office^ 










W. Alcock 


71 


20 


91 


9 


F. Morley 


75 




75 


7 


W. Daughtry 


69 




69 


6 


Electrical DepL— 










H. Beyer 


77 


120 


197 


19 


A. Davidson 


80 


... 


80 


8 


E. Hardy 


71 


... 


71 


7 


W. Duncan 


60 




60 


6 


C. Smith 


60 


... 


60 


6 


Turbine DepU— 










G. Dormand 


47 


40 


87 


8 


J. B. WUlis 


66 


20 


86 


8 


T. Carter 


80 




80 


8 


H. Mirams 


64 




64 


6 


Pattern Shop- 










A. Maclean 


64 


80 144 


14 


R. Leffage 


56 


60 


116 


11 


B. Wileyman 


56 


40 


96 


9 


T.Martin 


75 


20 


95 


9 


E. Kirby 


80 


80 


8 


J. Charlton 


76 1 76 


7 


A. Jones ... 


67 ! . ! 67 


6 


M. Longstaff 

W. Kydd 


65 


65 


6 


64 


1 64 


6 


T. Carr 


44 


20 , 64 


6 


C. Bowden 


64 


1 64 


6 


Machine Shop— 




1 




J. Allen 


80 


■ 80 


8 


C. Wood 


77 


1 77 


7 1 


J. Addison 


74 


! 74 


7 


C. Watt 


68 


1 68 


6 1 


F. Wanley 


68 


68 


6 1 


A. Lund 


67 


67 


6 


H. Relton 


62 


; 62 


6 


E. Sargeant 


60 


1 60 


6 1 


T. Brackatone 


60 


; 60 


6 1 


J. Todd 


60 


1 60 


6 ' 


*R. Coverdale 


80 


' 80 


3 


*L. Gillen 


73 


73 


4 


•W. Lawson 


64 


... 


4 
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Apfbxntioe Advancement BcnvLMB—coniinned, 







MARK&. 




Adruice 










NAME 


Tfait- 


Sclancc 


TdIkI, 


Ih 
Penr-c 




ftnrl fit'Ticml 


CtUBOV, 


per Wetfc. 




Ckdiduct, 








Fining Shop-- 










G. StevenBon 


u 


80 


144 


14 


E* Donkin 


m 


60 


120 


12 


C» pounder 


70 


40 


110 


11 


W. Hobba 


i7 


60 


107 


10 


W. ijtoddirt 


62 


40 


102 


10 


S, Winpemiy 


70 


20 


90 


9 


A, Rickicm 


67 


20 


S7 


8 


Q. iUmiAy 


67 


20 


87 


8 


K DJe „ 


66 


20 


85 


8 


F. Pind«r 


65 


20 


85 


B 


J.Cook 


60 


20 


80 


S 


A. Jeimer 


60 


20 


80 


8 


J. McBrooker 


31 


40 


71 


7 




70 




70 


7 


B. Lamb „. 


70 




70 


7 


A. Butcher 


69 




ed 


6 


E. Cftrroll 


67 




67 


e 


R, Waj^et] 


67 




67 


6 


A. Speoce 


66 




66 


6 


A. Siimrthw&ite 


66 




66 


6 


F, Thompaoa 

Gt NLcholftOD 


64 




64 


6 


63 




63 


6 




62 




62 


6 


W. Payne 


60 




60 


6 




60 




60 


6 


T. A. Dal« 


60 




60 


6 


J. WaIaoh 


60 




60 


6 


J* Spence 


61 




61 


6 


30 


100 


130 


11 


T. Heads 


72 


20 


02 


5 


•W. Heater 


7S 




78 


4 


•E, Brqwell 


67 




67 


3 


•A EeTDard 


64 




64 


3 


•a Parkea , 


61 




61 


3 


♦W. LeigbtoQ 


61 




61 


3 


! 'A. Metcalfe 


60 




60 


3 


Sntiing Shop — 










R. G. Roaaiter > 


m 


80 


160 


16 


T. Umb 


m 


40 


100 


10 


T.Hurt ,„ 


67 


40 


107 


10 


0, HopiM 

R. Hoth&m 


64 
63 


40 

40 


104 
93 


10 
9 


F. South 


31 


60 


91 


9 


3* Robmaon 


28 


60 


88 


8 


1 W, Ritchie 


40 


40 


80 


8 


H. Wallarf^ 


57 


20 


77 


7 


W« AdaniaoD 


34 


40 


74 


7 


A Bowe 


70 




70 


7 


C. Eicktoti 


70 




70 


7 


J,C4Midy 

B. Metcaifa 


46 
66 


20 


1 68 
66 


6 

e 


H^Bmilh 


66 




66 


6 


aP*fc«i». 


25 


40 


65 


6 
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Appbenticb Advancement Scheme — continued. 





MARKS. 


Advance 

in 

Pence 


NAME. 


Time- 
kooping 


Science 


Total. 




and (leneral 


Classes. 




per Week. 




Conduct. 








Erecting Shop — continued. 










H. Porteous 


65 


... 


65 


6 


W. Harrison 


64 




64 


6 


T. Warrand 


64 


... 


64 


6 


J. Shepherd 


63 




63 


6 


A. Brown 


63 


... 


63 


6 


J. Frain 


62 




62 


6 


F. Prentice 


62 




62 


6 


R. Stead 


61 


.«. 


61 


6 


J. Waitea 


60 


... 


60 


6 


T. Reed 


60 




60 


6 


A. Prentice 


60 


... 


60 


6 


*J. Mackey 


66 


... 


66 


3 


Outside Erecting Dept.— 










T. Broadhead 


71 




71 


7 


Brassfinishing Shop— 










H. Monaghan 


76 




76 


7 


G. Newaon 


73 




73 


7 


N.Hall 


68 


... 


68 


6 


A. Parkea 


66 




66 


6 


E. Lee 


65 




65 


6 


G. Taylor 


60 




60 , 


6 


*F. Summers 


80 




80 U 


4 


*G. Nelson 


69 




69 


3 


Millwrights— 










Joe Davison 


75 




75 


7 


Jas. Davison 


70 




70 


7 


G.Smith 


67 




67 


6 


E. Atkinson 


63 




63 


6 


*J. Tyson 


61 




01 


3 


Boiler Shop— 










J. Reeves 


60 


40 


100 


10 


T. Naisbitt 


80 




80 


8 


J. Young 


69 




69 


6 


W. Martindale 


68 




68 


6 


A. Davison 


66 


'.'.. 66 


6 


0. Frampton 


63 


1 63 


6 


H. Macklam 


63 


63 


6 


A. Cairns 


63 


1 63 


6 


M. Low 


62 


62 


6 


J. Ingram 


61 


61 


6 


W. Garvey 


61 


61 


6 


Smith Shop— 








J. Shingles 


60 


60 


6 


Iron Foundry - 








G. Sayers 


74 


74 


7 


W. Goodwin 


72 


... 1 72 


7 
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Apprentice Advancement Scheme -Hjon^inwcd. 






MARKS. 


Adrance 

in 

Pence 


NAME. 


Time- 
keeping 


Science 






and General 


Claises. 




per Week. 




Conduct. 








Iron Foundry— continued. 










W. Loe 


71 




71 


7 


T. Elliott 


66 




66 


6 


M. Wall 


66 




66 


6 


R. Horaley 


66 


... 


66 


6 


G. Day 


63 


... 


63 


6 


J. Hunter 


63 


,. 


63 


6 


A. Cappleman 


62 


... 


62 


6 


C. Byeni 


61 


... 


61 


6 


W. Bage 


60 


.. . 


60 


6 


•P. Bastow 


67 




67 


3 


•J. Bums 


65 




65 


3 


•A. Filler 


63 




63 


3 


•E. Mayea 

•H. Ord 


62 




62 


3 


61 




61 


3 


•W. Goodall 


60 




60 


1 3 

1 


BrasH Foundry— 










G. Calvert 


80 




80 


i 8 


T. Tongue 


75 


.. 


75 


7 


W. Lovatt 


73 




73 


7 


*E. Guy 


74 


... 


74 


4 


•E. Bage 


65 


... 


65 


1 ^ 


Copper Shop — 










J. Simpson 


78 


... 


78 


7 


S. Chappell 

T. Kirk 


68 
62 




68 
62 


6 

1 6 


F. Copeland 


60 


... 


60 


1 _ ' 



Mr. W. Kennedy said — Ileports about the Apprentice Ad- 
loement Scheme, which have, from time to time, reached those 
»8t interested in the question, have raised doubts as to its 
>bable ultimate success. I hope that by the time we have 
ched the end of the discussion on Mr. Spence's valuable 
^er the doubters will have been replactKl by enthusiastic sup- 
•ters. 

Now, having had, from a works manager's standpoint, five 
*rs' experience of the scheme, I am in a position to affirm that, 
any rate, so far as the Hartlepool Enj^ine Works are con- 
■ned, and iudgin;g by the recorded results of Messrs. Clarke, 
»^underland, and by Mr. Spence's paper and diagrams, all of 
^ich practically coincide with our own results shown in the 
^gram (Plate XII.), the scheme is eminently successful, and is 
*he present time doing good work. 

VOU XXIV.-W08. 9 
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The success or failure of the best scheme in the world de- 
pends very largely upon those who have to work it. As a nation 
we are possessed of a superabundance of innate conservatism 
and our respect for old things is only equalled by our contempt 
for new. We look with a friendly eye on the old plan and 
with suspicion on the new. The old plan is held on to, by a few, 
till the new has given it its last kick and its quietus. 

The scheme which is a necessity will, if properly worked, be 
a certain success, and vice versa, when it becomes a success it is 
also a necessity. To the works manager and his staff in the 
Hartlepool Engine Works it has become a necessity and is there- 
fore a permanent success. The scheme was formulated and first 
tried in the Hartlepool Engine Works five years ago. We were 
convinced from the outset that in it we should find much relief 
from those chronic worries inseparable from the management 
and control of large bodies of apprentices, and which, under the 
strain of present day workshop conditions, had become well nigh 
insupportable. Fnder the old system or negation of system, to 
be more proper, rewards, promotions and punishments were 
administered in an entirely promiscuous and irresponsible 
fashion. Apprenticeships were began and ended and the boys 
rarely ever came under the notice of the managers; influence 
was allowed to do its deadly work; mediocrity was hoisted into 
positions which should only be reached by merit ; brilliant boys 
escaped reward and wasters escaped puuishnicnt. 

The adoption of the Advancement Scheme has chang<'d all 
this. It has raised the (lucstiou of training of apprentices from 
a position of obscurity to one of great prominence since it has 
had, and will, I belic^ve, have more, attention in the future, at 
the hands of this important Institution. The scheme compels 
attention from the works manager and his staif in their dealings 
with the appientices, and one finds one's interest in each indi- 
vidual apprentice incicasing, because l>oth you and he arc tacked 
on to this scheme, and one gets a closer ac(iuaintance with them. 
All questions of discipline, promotion and punishment are settled 
in relation to the scheme, the management and the apprentice. 
Thus the scheme grows in stiength and becomes daily more help- 
ful. T nder (his scheme there is no escape for the waster; he 
gravitates under its operation towards the inevitable sack. A\liil8t, 
on the other hand, and this is one of the brightest and most 
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cheering" results, the door to every department in the works and 
otfice has been opene<l to the one who is anxious and determined 
to get on. These boys know by their position on the published 
list that they are entitled, in so far as vacancies occur, to a move 
into other departments and their applications are granted at 
once. Obscurity knows them no more ; their names come before 
the hig'hest members of the works and office staff and not in- 
frequently they reach the managing director. The impersonal 
character of the scheme brings immense relief. Applications to 
be moved up, in works where there are such a large number of 
apprentices as ours, from boys and their parents are many and 
continuous. Many of you ai*e acquainted with the difficulties of 
dealing with these matters and know how difficult it is to deal 
out evenhanded justice to all. One is granted something which 
has l)een withheld from another and so discontent, which cuts 
at the root of discipline, is engendered ; trouble brews and breaks 
out, all of which make trouble and woriy for the works manager. 
Now, under this scheme how easy all this is dealt with. Am I 
interviewed by a boy with a request for a move, the first (juestion 
— Is your name on the list of successful apprentices?- -settles 
the business. If the answer is in the negative they are told that 
if they succeed during the next twelve months and get their 
name amongst the successful boys, to come to me again, but in 
no case to come if their name is not on the list. 

These decisions have always been taken by the Iwys in the bi^st 
possible spirit; they appear to realise that it is not personal 
Wtween themselves and their foremen or the management, and 
accept the responsibility which the scheme generally, and these 
decisions particularly, put upon them. So I say the influence 
of the scheme at this point is Ixmnd to be in the right direction. 

Another important point which the scheme handles well and 
which also brings relief to the works management, is the part 
the parents are now compelled to take in the supervision of their 
boys in so far as their apprenticeship is concerned. Prior to the 
scheme they haude<l their boys over to us as they would hand 
them to a school master, to train them up. The fact that we were 
managing an industrial concern which could Ik» kept going only 
so long as it made'a profit never occurred to them. The scheme 
is forcing on them the idea that they and the boys are responsible 
partners in this business of training them up; that if they do not 
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play the part they were engaged to play, the scheme, and not 
the foremen or works manager, automatically finds them out. 
The scheme finds the boys out, they and the parents take the 
blame — just as on the other hand, when a boy does well, the 
scheme only takes credit for discovering him. The boy and his 
parents take the rest. 

Take again the question of the parents' opinion and wishes 
when they bring the boy along to the works for the first time. 
Some are very careful to enumerate all the departments they 
wish him put through, with the drawing office '' to finish off 
with.'' Of course, to these people the works is nothing more 
than a school or a County Council technical college supported 
by rates. Well, the scheme settles this point in the most busi- 
nesslike way. They will, in time (the scheme is e<lucating 
them), realise that every boy entering a works does so as an in- 
dustrial unit, and whether ho ever becomes anything more 
depends on himself. All apprentices start off under exactly the 
same conditions, none are privileged from beginning to end of 
their time. I may state here, and it gives me much pleasure 
to do so, that though there have Ikkju several applications from 
influential persons, who were customers as well, to have their 
boys moved to the drawing office and though the applications 
loached the liighost possible authority in the works, the fact 
that they had failed to win a place on the list debarred them. 
There has been no single instance, during the four yeai*s the 
scheme has been in operation in our works, of an apprentice 
having entered the drawing office except through the scheme. 

AVe have many instances at present of l>ovs who are striving 
witli all their might, both in timekeeping and industiy during? 
work hours, and whose parents are equally anxious and helpful, 
to get their names on the list and to keep it there. There was 
some little difficulty at first to get the foiemen to mark them up 
properly in the quarterly sheets, but this was quickly overcome 
and is being done now in quite a satisfactory way. I believe the 
disappointment at the results is due to the fact that so few secure 
a place in the list which entitles them to increased pay and pro- 
motion, and that so very few reach what we might call the high- 
water mark on the scheme. But surely this is due to a miscon- 
ception of the objects of the scheme. If the object to be attained 
l>e properly focussed, it will l>e seen that the scheme is doing well 
all it is set out to do. 
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The object of the scheme is to evolve from the ruck the bril- 
liant boys and to raise the standard of the rest who must, perforce, 
remain what nature intended them to be, namely, industrial 
units. It has been stated on hig'h authority that the proportion 
of brilliant youths is about five per cent. The scheme does not, 
nor is it intended to, I maintain, produce this five per cent, of 
brilliant youths, it discovers them, and as soon as it does so we 
proceed to change the status of these youths from industrial 
. units to students. Is that the object of the scheme or is it not? 
I maintain it is. And what kind of a scheme would it be which 
produced, say, seventy-five per cent, of students, leaving twenty- 
five per cent, of industrial units ? It would be prima facie a 
fraud. 

I refer you to Mr. Spence's diagrams and to the one before 
you for proof as to whether the scheme is fulfilling its mission. 
If you set yourself to construct a diagram for the purpose of 
showing what were the ideal results to be sought for, you will 
produce this very diagram, which is a result of four years' actual 
experience. 

Is the scheme discovering the youths who are best fitted to fill 
in the future the responsible positions in our industrial concerns, 
and is it raising the standard of those who must remain indus- 
trial units? I say it is. 

Mr. Harold Tiiomsox said — As one of those who w^as associ- 
ated with the introduction of one of the three schemes that Mr. 
Kennedy has mentioned, I was extremely interested in seeing the 
results that Mr. Spence has put before us, and I was very glad that 
he took this opportunity of showing what practical result had 
been obtained from a practical attempt to put into operation the 
recommendations of the Educational Committee of this Institu- 
tion. It is rather difficult for us, especially seeing that we have 
Uo information as to w^hat was the state of affairs at the Neptune 
Engine Works before the scheme was introduced, to say defi- 
nitely and conclusively what the effect has been on the appren- 
tices as a body, and perhaps it is rather too early for us to expect 
as yet that the results have settletl down into what they eventu- 
ally will be, but I think there is no doubt some useful informa- 
tion has been obtained, and more could be obtained, if those three 
firms which are at present working schemes of this sort would 
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tabulate their results on a common basis, or, possibly, agree to 
adopt a uniform scheme with similar markings. If that were 
done it would be possible to compare their results and also to 
compare them with similar results obtained from firms who have 
no scheme in operation, and this, I think, would show almost at a 
glance whether the firms who, as Mr. Morison said, have spent 
so much money on these schemes had any marked superiority, 
either in timekeeping or in class results. In any such com- 
parison it would be necessary, I think, to take into account 
that conditions may vary in different places; the location of the 
works, or the personality of the foremen, might have a distinct 
effect on timekeeping, for instance, but one would suppose that 
on the average there would not be very much difference in similar 
works in similar districts. It would also be necessary to eliminate 
the marks awarded for conduct and ability, because these 
depend so largely on a purely personal feeling on the part of the 
foremen. In my own experience I have found these marks, at 
best, unsatisfactory. I have known cases where a foreman has 
given every apprentice in his department full marks, in spite 
of the fact that he occasionally had to punish some of them for 
infringement of regulations, or other defects. I think that, if 
possible, some system that would be automatic should be sub- 
stituted. It is difficult to say what could l)e substituted, but 
possibly in the case of firms that woik on the premium bonus 
system the premiums earned by the apprentice might be taken 
as a measure of his workshop ability. Personally, I think that 
these schemes arc certainly valuable. Possibly my reasons are 
not ({uite the same as those mentioned by Mr. Kennedy, with 
whom, however, I ver}^ largely agree, but I think they are valu- 
able for the following three principal reasons : First of all, they 
are a means, and a very good means, of selecting promising^ 
youths for promotion to the drawing office, or for other purposes, 
and for higher educational facilities. Secondly, I think thex" 
must have a tendency to improve the general timekeeping in ther 
works; and, thirdly, because each apprentice at least once m^ 
(juarter is brought under the personal notice of some responsiblt^ 
ofHcial, and th(^ knowledge that Lis career, both in the works 
and at the evening elass(»s, will be brought under the notice* 
of his employer cannot but have a stimulating effect on an 
apprentice worth anything at all. Although I s*ay that I con- 
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sider these schemes valuable I must confess that the principal 
feeling uppermost in my mind when viewing the results obtained 
has been one of disappointment. I think Mr. Spence has pos- 
sibly made things look worse than they really are, because he 
gives us no information as to the number of apprentices who 
attended evening classes, although they did not sit at the 
examinations. In the scheme to which I have referred a con- 
siderable number of apprentices made at least 80 per cent, of the 
possible attendances at evening classes. In our scheme we re- 
funded to them the fees they paid provided they put in this per- 
centage of the possible attendances. I have no figures now, but 
a considerable number made the necessary percentage and a boy 
cannot make 80 per cent, of the possible attendances at a class 
without getting some good from it, though he may not have 
passed an examination. Now, if we examine curve J in Mr. 
Spence's paper, we find that only about 15 per cent, of the ap- 
prentices gain any examination marks at all, and we must not 
forget that he neglects altogether the boilermaker apprentices, 
who, as a rule, do not attend any classes. 

Professor Weighton (interposing) — He also neglects the 
drawing office. 

Mr. Thomson — Is that so ? Well, possibly the drawing office 
will to a certain extent compensate for the boilermakers. If 
you take into account the boilei-maker apprentices, who are 
generally about as numerous as the engineer apprentices, the 
probability is that of the whole works only 7^ or 8 per cent, 
would gain any class marks at all. Seeing that no great amount 
of either ability or education is required to pass the elementaiy 
stages of the science and aii examination, it seems to mo that 
it is time we enquired very carefully into the reasons for this 
poor response on behalf of those for whom so much public and 
private money ha« been and is being expended. I am of opinion 
myself that one of the main factors teiuling to produce this 
result is that the great majority of tliese jouths leave school 
when they are comparatively vei-y young, and that they very 
i^eodily forget most of what they have learned at school. In 
other words, a great deal of the trouble lies in the want of a 
thorough, primary' education. The conseciuence is, that when 
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they attend science classes they are unable to follow the teach- 
ings of the professors, and they do not feel themselves able to 
g-o in for an examination. They know they would fail if they 
went in, and so they do not enter, and that accounts possibly 
to a great extent for the small number of apprentices who sit 
at the examinations. Some years ago, when I was a little more 
rash than I am now, I volunteered to teach an evening* class. 
I have not forgotten it. I do not know whether or not it was 
my stupidity as an amateur teacher, but I came to the con- 
clusion I had never met such a lot of duliers in mj^ life. Seri- 
ously speaking, it was with the gi-eatest difhculty that one got 
these boys to understand properly the simplest subject in s(»ience, 
and there were not more than two or three boys out of twenty 
or thirty who could answer a question properly in writing. So 
now we have to consider whether, with all this expenditure on 
technical education, we are spending money in a vain attempt 
to highly educate something which, from the nature of the 
conditions, cannot be highly educated, instead of concentrating 
our attention rather upon selected men chosen by some such 
methods as those we have under consideration. When all is 
said and done, for the largest proportion of the ordinary appren- 
tices in an engineering works a ver}^ high degree of technical 
education is not an essential in their after life. Mr. Kenned v 
has ivforitnl to this, and puts it well when he says we are dealing- 
with industrial units, and as industrial units the great majority' 
of them will remain. There are only a small number of pcxsi- 
tions for men as managers, draughtsmen and foremen compared 
with the number of men who will eventually become mechanics, 
tor whom technical education is not a necessity. Of course, it 
is an advantage, but it is not a necessity. I would not have 
it understood that I do not consider education for mechani(^« 
of any use. Quite the reverse. I believe it is the duty of every 
country to educate its people as far as possible, but I think it is 
of far more impoitance to devote our attention to training 
selected men who will be able to take their positions as leadei*s 
and uphold our position as an engineering and shipbuihling 
countiy. Some people have the idea that all you have t-o do 
to make a g(K)d engineer is to send him to a technical college 
and highly educate him. I disagree with that view. There 
are other ({ualifi coitions besides educ iti(«i to make a successful 
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engineer, and mere brilliance in passing examinations will never 
fit a man to take such positions as those I have mentioned. 
If we investigate into the careers of men who are now at the 
head of our works in this country we shall generally find that 
they are, in the first place, thoroughly practical men, and that 
they have obtained their positions by hard work — in other 
words — by character. It is this combination of ability with 
character that we wish to discover, and it is because these 
schemes are a means of selecting from a number of practical 
5'oung men those who have also character and ability, and, be- 
sides that, a capacity for e^lueation, that I believe they cannot 
fail to be of advautage, in spite of the poor results obtained 
in examination passes. If this policy is pursued of selecting 
a few brilliant young men for higher educational advantages, 
I hope it will not be forgotten that our object should be not 
to produce learned professors and writers of books, who are 
recruited, in sufiicient numbers fix>m totally different channels, 
but rather to train practica-l men as practical engineers, and I 
hope provision will be made for them to obtain an extended prac- 
tica.1 knowledge in addition to the theoretical knowledge obtained 
at the college. I hope that, in spite of the conditions of which 
Mr. Morison has told us, we still hold a leading position in 
th.e eng-ineering world. But although we do that we must not 
in ake the mistake of thinking we have not anything to learn 
from anybody else. That is a mistake often made in this 
eoiintry, and I think a cei-tain amount of time spent by a few 
selected youths in studying the methods adopted in other coun- 
^"^•s cannot fail to have a good effect, and I feel sure that time 
^^ 'Hp)ent would have at least as high an educational value as 
^^ 5^ame time spent in the chase of an elusive X, Y or Z. We 
-^ l^now the wonderful progress made in recent years in engin- 
'^'^xx^ and shipbuilding by Germany, and by our friends and 
*^^^5r3 in Japan. How has it been done? I think veiy largely 
^ ^6»^nding their more brilliant young men to this and other 
-•^ tries. These men have been coming here for years and have 
^^l led our methods and put them into operaticm in their own 
^^*^ tries, with the improvements which experience has taught. 
^-*^^ time we did something of the same soH with a few of our 
^^liant yoiing men. I do not think it will do us any hai^m. 
^'^st the apprentices themselves will endeavour to appreciate 



114 DISCUSSION EDVCATIONAL COMMITTKK*S RECOMMENDATIONS. 

the spirit in which these schemes have been introduced, and take 
advantage of them in every possible way. The employers are 
now making it impo^^sible for any apprentice who has merit to 
be overlooked, as no doubt often occurred in the past. Many of 
us must have known the feeling as apprentices that we were 
one in a great ci*owd and that nobody cai-^l veiy much what 
we did, but under a scheme such as this it is impossible for a 
deserving boy to be overlooked, and if the results are used with- 
out favouritism for promotion in the works or to the drawing 
office the apprentice has only himself to blame if he does not 
get on in his profession. We will doubtless be told that the 
rewards offered are so small that they will not induce appi^ntices 
to work for them. My own feeling is that any apprentice worth 
his salt will work, not so much for the value of the reward, as 
because he knows that if successful he will advance himself in 
his profession and be brought under the notice of his employer. 
An appi-entice who will not work for such a reason is not woi-th 
troubling about. In conclusion, I would say that it must 
not be forgotten that these schemes are not to be considered 
as an end in themselves, but luther as a means to an end, and 
we should see to it, or rather, those whom we make responsible 
for education in this country should see to it, that in their lavish 
expenditure on public education the}' do not ovoilook or neglect 
that which is best worth educating, and from which the country, 
in the end, would obtain most benefit. 

The Secretary submitted the following communication on 
the subject : — 

19, .JAMES S'lREKT, LIVERPOOL, 

January 9th, 1908. 
Dear Mr. Duckitt, 

1 regret 1 cannot be at meeting when discussion is continued 
o-n Mr. Spence's paper but send enclosed note: — 

1 consider the eugineeis of this country owe a debt to Mr. 
Spence for tlie care and time given to tabulating the merits and 
demerits of the vaiious iJi)prentices in the works to which he 
refers. Tin* tendency to fall otV as mentioned may be expected, 
l)ut any system that compels thi^ foreman and his assistants to 
take note of what the aj^pientices are doing reacts on their own 
efliciency. Timekeei)ing is in almost all cases an index of the 
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value of the apprentice as a future workman and therefore 
should be in my opinion more fully encoura^d. It is very 
significant that only 20 per cent, show any results at all at 
classes and probably 5 per cent, or less will be all the really 
good material for further devel(^pment in higher technical 
schools and colleges. This cla.ss it appears should come more 
under managers' siipervision and cognizance and have their 
progress marked and kept in diagrams, while the 95 per cent, 
might be yqtj well under the methods suggested, wdth benefit 
to boys and their employers. As Mr. Spence well says, it is 
not possible to polish the whole of the metal, yet the silver 
requires often a lower grade metal behind it and both need 
grading up. As in other connections, the survival of the fittest 
is spoken of, so the best apprentice is to be cared for, but at 
the same time, keeping the more modern idea in sight, that of 
producing the greatest number fit to survive, and there appears 
no better method than that outlined and experimented on here. 

Yours faithfully, 

And. Hamilton. 

The following communicaticm was sent to Mr. Spence: — 

Lancashire and Yorkshire IIailway, 

Chief Mechanical Engineer's Office, 

HoRwicir, S.O., Lancashire, 

January VM, 1908. 
^Y Dear Sir, 

Further to my letter of the 'h'd instant and yours of the rJlst 
^iltimo, in conjunction with the proof copy of your paper i^ad 
^^ t Newcastle on December 2()th, 1907, as promised, I now send 
=^^xoh comments as suggest themselves in connection with your 
pii^per and the technical education of apprentices employed in 
-Ive engineering works of the Lancashire and Yorkshire Railway 
^* ^ Horwich. 

Your graphical representati(m of individual apprentice's 
J^'e^oords (Plates VII. to X.); (A) Timekeeping; (]i) conduct and 
^^Aclustry in works; ((') evening study, with an indication of sup- 
plementary payment in wages as a resultant of the three fore- 
^<^>ing diagrammatic curves. 

The only absolute factors (as it appears to me) are (A) time- 
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keeping and (C) evening study — if by that is meant progressive 
study, producing on examination a higher status, say, in 1907 than 
in 1906. The factor (B) has many possibilities of a thoughtful 
youth being apparently inattentive to his work, and of 
his mannerism largely entering into a foreman's repoi-t, that I 
give little weight to it. If a youth's conduct and industry is 
not satisfactory, it will or should be readily reported and dealt 
with from an administrative standpoint, but in my experience, 
a youth, earnest enough to be a good timekeeper, after success- 
fully working at his evening classes, has seldom shown marked 
evidence of idleness or misconduct in the daily life of the 
workshop. 

I do not like your proposal that youths doing well at their 
evening study should commence dirty at 9 a.m. instead of 6 a.m. 
in the workshops. A youth may run well, but from personal or 
other causes, he is hindered, and a return to the G a.m. obligatory 
attendance is a disgrace, in some cases deserved, possibly in 
more cases not deserved, and I have therefore not adopted this 
arrangement as far as Horwich apprentices are concerned. 

The exhibition of curve records is certainly a graphic and 
forcible way of emphasizing the individual progress of each 
student, and doubtless proves a very present and suggestive 
subject for discussion with all its pros and cons in the workshop. 

With regard to the reward of successful students at examina- 
tions, the measure of such rewaid must be the need of tht— ^^ "* 
recipient and until pronounced ability in a specialized direction 
has been proved, little more than the future class fees and 
expendituie for particular technical text books are necessary 
but once having a youth of defined ability, and particularly^ ir 
a workman's son with only an elementary school early training 
then the purse strings should be loosened and some bursarship ' ^' 
exhibition or scholarship gran(ed, commensurate with the nee^ * " 
of the recipient and his qualification to return by increase "* 

educational fitness in riper years to the donor, whether a -^ 

engineering institute or the County Council, the contribution ^fc^^^ 
his technical training. 

The course which I have adopted at Horwich is as follows: — — 

The winter session of educational work begins in September -aW-^J^^' 
ends in May of each year, and in August about 'SO apprentice ^—^"^ 
are selected to attend cla>scs in Graphic Statics, Mechanics axx ^ 
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Mechanism, Heat and Heat Engines, etc., specially arranged 
for them at the Horwich Railway Mechanics' Technical School, 
on two full afternoons weekly (Tuesday and Thursday), and 
whilst attending these classes, they each receive their ordinaiy 
wages. Their afternoon classes entail no class fees, and are 
supplementary to their ordinary evening classes, and each 
student is expected to attend classes on three evenings per week 
in accordance with a co-ordinate course of study which I have 
approved. 

I do not think it possible in a week for a youth (however 
earnest he may be) to do his duty to his employer from 6 a.m. 
to 5*30 p.m. daily, attend technical classes from 7 p.m. to 9 p.m. 
for three nights per week, conscientiously do preparatory home 
work for his classes, and keep himself, mentally and physically, 
sound, and this has been my reason for arranging free afternoon 
technical education with ordinary rates of wages paid to each 
youth in preference to later commencement of work in the 
morning. During the apprenticeship term, it is a healthful 
disciplinary condition to every youth, whatever his position, to 
be on duty eveiy day when the employees of the factory com- 
mence their work. 

The selection of the thirty apprentices is based : (A) on record 
of examination reports of previous years (absence from class 
attendance from illness or other causes being duly considered); 
(B) timekeeping and workshop conduct (the mere fact of good 
timekeeping without any effort to gain technical evening 
instruction giving no distinct preference). 

With regard to posting successes of each youth in the work- 
shops, from an opei*ative and educational standpoint, I think 
trJie course I adopt of showing to each parent, apprentice, fore- 
Xiaan, and teacher, the individual attendance and progress of each 
Successful student is efficient. To those concerned, the absence 
c^i the names of youths in whom they are interested will readily 
l>rin^ about personal and searching enquiries, as far as the 
technical classes are concerned, and the ordinary workshop dis- 
oipline will keep the timekeeping question in its proper place. 

Personally, what I am most deeply interested in is the 
cxiiestion of the regular, sys ua iy of our 

apprentices, namely, a co-ord : and 

am working particularly in lielp- 
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fully imcouruffed by generous donations of prizes for students 
who wisely take up the course lai(t down for their benefit. I 
enclose a copy of the current year's course of studies, which will 
show the directicm in which it is h()j>ed a full development will 
ri»nult. 

Yours faithfully, 

Geo. HroiiEs. 



CONDITIONS REGULATING ADMISSION TO CLASSES. 

Flnginecring students are expected to follow the course of study recommended 
by the Institute Committee. 

Junior Students who desire to enter Science or Technical Classes should 
qualify for admission to such classes by attending the Preliminary Technical 
Course recommended. The minimum requirement is that they attend a class in 
Arithmetic or Mathematics in their first session, and before entering classes in 
Machine Drawing, Building Construction, Metal Platework, or Practical Plane 
and Solid Geometry, they must attend a class in Practical Drawing. 

To obtain admission to the Mechanical or Electrical Engineering classes, 
students must have passcii in Workshop Mathematics or pass a test in Arithmetic 
to" be set by the teachers ; students! proceeding to the second year's course must 
have ^Hisseii in Mathentatics or attend a Mathematics Class concurrently. 

Students of Metallurgy must, either first or concurrently, attend classes in 
Inorganic Chemistry. No student will be admitted to the Practical course in 
eith«>r of these 8ubjtH.'t8 unless he has taken the Theoretical course in the same 
stage prt^viously, or takes it during the same session. 

No stuilont wiU be i-egistered in the lSeci>nd Stage of a Science subject unless 
he hiks ^Kissed in the First Stage, ov gives satisfactory evidence of his ability to 
pivtit by siK'h avlvanoeil itistruotioti. 

Keguh^r And punctual alten»ianoe is strongly urged upon all students. In 
Sv'ienvv, Art, and Cotnnu'roial Classes, students are expected to make at least 24 
attendances vUiring ilio session. 

OiH'KSK OF srrDY FOK KX.tlXEKKIXG SU'DENTS. 
This suggestion for a continuous course of sii: ly is intended to enable 
engineenng >tiivlo:as tv» make liic bjst use of : he classes provided. No student 
must enter mnni ihe >ec\Mul or an> later yeir of the course who is not qualitied by 
hi» pr\»grvss m the \vv>ik of liic prvce\i;ng \tar or by .i corresp'.»nding standard 
\»f att.-»inn\cni. 

FkK11MINVK\ rfcA'HMvAl Cvl KSE. 

M\vv>c nnUo aw Uv^i sutV.cicntlv f.iviil'ar w.:'. '.r.t sv.b;evts ov>mprise\l in this 
vnir\si'.;c;or\ course s":-.o;ila ih'.;u\ cNcuiag c'ass \* -^r«; by at'.tuding the tirst or 
>cc\»iul NvA*. > r;v";u".', .M\ l\c".:v,c.*'. C use, .•..\."'^v.v.r^ to their attainments, and 
c»H*,t'.u''c ".;;•.'. >', i;vic> "i ih.c v^ c.ci vvc>.'U*.r.ii r.'.i .h 

Fx .w t V al Oi\^ w • tu . . M c V. hi\ s . 6 4,"* t - 9 I o, 

^ I F-.^: s-. r.-.AU'.uuu I lu,s :.4'\s o 4' to >-v» and S 10 to 9-25. 

I ^^^'•^^"'V ^' ' •-^' r.ur-^h^x''. o 4o:oSt>aiidS 10io9-2o. 

\ v.iu'..; b.,v:ucvts^". \ ^cc cv ■ 

F .*x VCA* P" AW ji A-.l 

I M.;; C-AV.V ■ r .i-U\<, V -^ to 9-lo. 

:.< ^ ■■ . F\jx cu;,,: \Uv.Av,> 

I A'. V F \^c> V ^vh^\s. 4-' to > and S'lO to 9iJr>. 

"^ F" ;hx.\ V\ :-'l\^>-. O." ♦ 
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Mechanical Engineering Course. 
lAi Tear. 
Machine Construction and Drawing 

(Elementary) Wednesdays, 7*0 to 9*30. 

Mechanical Engineering (Preparatory) . i 

PrMtic»l Mathematics (Preparatory) ... | Monday.. 6-45 to 815 and 8 25 to 940. 

IVactical Plane and Solid Geometry 

(Stage 1) Fridays, 7'0 to 8-15. 

Snd Year, 
Machine Construction and Drawing 

(Inter, or Advanced) Thursdays or Tuesdays, 7*0 to 9*30. 

Practical Mathematics (Intermediate) ... ^ Mondays, 6*45 to 8*15 and 8'2o to 9*55. 
Mechanical Engineering (Intermediate) .. J Wednesdays, 7*0 to 9*30. 

3rd Year. 
Practical Mathematics (Advanced) ... Fridays, 7 to 9*0. 
Mechanical Engineering (Advanced) ... Tuesdays and Thursdays, 7*0 to 9*30. 

4th Year. 
Machine Construction and Drawing 

(Advanced) Tuesdays or Wednesdays, 7*0 to 9*30. 

Electrical Engineering (1st Year's Course) Fridays, 7 to 9*30. 
Inoriranic Chemistry — Theoretical and 

Practical (Stage 1) Mondays, 70 to 930. 

5th Year, 

Practical Draughtsmanship Wednesdays, 7 '0 to 9*30. 

Practical Plane and Solid Geometry 

(Stage 2) Fridays, 8-25 to 9-55. 

Metallurgy— Theoretical and Practical 

(Stage 1) Tuesdays, 7 '20 to 9-50. 

Electrical Engineering Course. 
1st Year. 
Machine Construction and Drawing 

(Elementary) Wednesdays, 7*0 to 9*30. 

Mechanical Encrineering (Preparatory) ... \ 

poetical MathLatics (Preparatory) ... } Mondays, 645 to 815 and 8-25 to 9-40. 

Practical Plane and Solid Geometry 

(Stage!) Fridays, 7-0 to 815. 

2nd Year, 
Machine Construction and Drawing 

(Inter, or Advanced) Thursdays or Tuesdays, 7*0 to 9 SO. 

Practical Mathematics (Intermediate) ... Mondays, 6*45 to 8*15 or 8*25 to 9*55. 

Electrical Engineering ( Ist Year's Course) Fridays, 7 '0 to 9 30. 

Srd Year. 
Machine Construction and Drawing 

(Advanced) Tuesdays or We<lnesdays, 7*0 to 9*30. 

Pnctical Mathematics (Advanced) ... Fridays, 7 to 90. 

Electrical Engineering (2nd Year's Course) Mondays, 7 to 9*30. 

4ih Year. 

Electrical Engineering (Honours Course) At Manchester, Salford, or Bolton. 

Meclanical Engineering (Intermediate)... Wednesday «, 7*0 to 9*30. 
^ganic Chemistry — Theoretical and 

Practical (Stage 1) Mondays, 7 to 9;i0. 

The discussion wiis jHljouriKMl. 
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FLOATING DOCKS. 



By harry R. JARVIS, Member. 



[Read in Newcastle-upon-Tyne, on January 10th, 1908.] 



Introductiox. 

^'or the inception of the floating clock, which, according to 
it ion, occurred during the latter part of the sixteenth cen- 
, we are indebted to a Britisher, who while trading in the 
ic found it necessary to repair the underwater part of his 
A dry dock or slipway not being available and the then 
1 procedure of grounding the ship at high water and repair- 
her during the time the tide was down being impossible, 
g to the absence of tides in the Baltic, the captain purchased 
Id hulk, removed the beams and deck, fitted a gate to the 
I end, and thus created a crude form of dock which served 
mrpose. 

To doubt this makeshift was improved upon during the next 
years or so, but no record appears to have been kept of the 
building of this period. 

n more modern times the use of iron was adopted in the 
truction of floating docks. Several examples were built in 
lixties, some of which are still in existence and capable of 
ing ships, although perhaps deterioration of the material, 
igh neglect and lapse of time, has weakened the structures 
uch that only very light weights can be lifted as compared 
the original lifting power. A dock for the Turkish Govem- 
i for use at Constantinople, one for Alexandria, one for 
lo in Peru, and one for Carthagena, were built about this 
d. Two of these have recently quietly sunk at their moor- 
and the others are not much use, excepting perhaps the 
lagena dock, ordinaiy precautions to preserve the structures 
fig been neglected for many years. 

^OL. XXIV. -1908. 10 
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Types of Dock. 

It will be as well perhaps at this sta^e, and before pro- 
ceeding" with a description, to classify the various types of 
floating docks which, during the last forty years, have been 
designed by the only firm of floating dock specialists, namely, 
Messrs. Clark & Stanfield of London. These gentlemen, with 
whom the writer was associated for many years and from whom 
he has received much interesting data, have found it convenient 
to designate various types of non-*' selfdocking " and " self- 
docking '' floating docks as follows: — The ** box " type of 
floating dock is non-selfdocking. The ** selfdocking " types 
include the " depositing," " off-shore," " sectional " pontoon, 
** Havana," and " bolted sectional " docks. 

Description of Yarious Types. 

The non-selfdocking " box " dock, which does not need any 
elaborate description, consists simply of a pontoon with two 
side walls forming one homogeneous whole. Being solidly 
built, this type is naturally the strongest form of floating dock 
which can be constructed. Whether "selfdocking" facilities 
in a floating dock are absolutely essential depends entirely upon 
its situation. It is generally found that marine growths, which 
are so detrimental to a ship on account of loss of speed, do not 
in any way intei-fero with the life of a floating dock, but rather 
tend to preserve the material. This statement is not based on 
theory but on actual experience over many years. It is not, 
however, the portion of the dock always entirely submerged 
which suffers most from corrosion but that portion between 
wind and water, about the normal waterline of the dock, which 
constantly varies with the amount of freeboard given to the 
floor of the pontoon. This paii is very easy of access when the -^ 
dock is not in use, for by pumping out the water and heeling-^!^ 
the dock sideways or endways, it is always fK)ssible to clean and#^-J 
paint that portion as often as may be found convenient. Natur— ^:: 
ally, this operation is not so satisfactory as selfdocking the docktf" 
in a proper manner. H.M. 13ermuda dock, built in the sixtie^^s^ 
and which is roughly T^-shaped in section, was so designed tha^r^ii 
it could ho careened by pumping up certain chambers in the si(W — ^ 
walls, and so (»nable the underwater parts to be reached. Th J.^ 
operation, however, was found to be so dangerous when tried ih=^^^ 
it has never been repeated. 
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To enable the underwater parts of a floating dock to be 
examined, cleaned, painted, and if necessary renewed, with 
perfect safety and expedition, Messrs. Clark & Stanfield in 
1877 designed and built for the Russian Government a single- 
sided outrigger dock which they designated a "^ depositing " 
dock. This dock which, in end elevation, is shaped like the 
letter L, is of peculiar construction, has a single side wall which 
contains the pumping machinery, and the pontoon is made up 
of a series of " fingers '' with spaces between them as shown on 
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Fifj. 1. 

Fig. 1. The necessary stability to enable the pontoon to be 
lowered and raised is obtained by an outrigger which is con- 
nected to the side wall of the dock by a series of parallel booms 
hinged at each end. As the wall of the dock is divided into two 
equal lengths, it will be readily seen that to selfdock either por- 
tion of the dock it is merely necessary to separate the two halves 
and disconnect the booms from the portion to be dealt with ; 
the remaining portion of the dock may then be docked in the 
usual manner (Fig. 2). This type of dock can not only 
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Fig. 2. 
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dock vessels but, owing to the peculiar construction of the pon- 
toons, is enabled to *' deposit '' them on a grid, formed by groups 
of piles, shown on Fig. 1. It is obvious, therefore, that in 
certain situations, such as non-tidal harbours or rivers, com- 
paratively cheap docking accommodation need only be limited 
by the number of grids provided. Several examples of this type 
of dock have been built, namely, for Vladivostok, Xicolaieff 
(now transferred to Sebastopo-l), Barrow-in-Furness, and more 
recently for Barcelona. 
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The " off-shore '' dock (Fig. 3), which was designed and 
patented by Messrs. Clark & Stanfield in 1884, is a modification 
of the ^* depositing" dock. The pontoon is continuous and L-shaped 
in end view. Unlike the ** depositing " dock, however, the '* off- 
shore " dock is, as its name implies, attached to a series of shore 
girders or triangulations, by parallel booms, hinged at each 
extremity. The inner end of the top boom is not rigidly attached 
to the shore girder, but is suspended on a crank which allows the 
dock to take a small inclination in either direction. This move- 
ment is indicated in a simple manner to the man in charge of 
the dock, and enables him to correct, by manipulation of the 
valves, any tendency of the dock to go out of trim, and so avoid 
any undue strains on the shore girders or other parts of the 
structure. The " off-shore '' dock is very simple in construction 
and is easily handled. It can be very profitably employed in 
suitable situations. When submerged to receive a vessel it is 




Fig. 3. 



merely necessary to sheer the latter in sideways, or the vessel -^ 
can enter the dock from either end. It is then rapidly centred J^- 
by telescopie mechanical side shores. AVhen properly centrecLf^:^ 
the vessel is lifted in the usual way, and, without stopping the^:^ j 
pumps, it is supported by meehanical bilge shores, which con— ^- 
sist of strong timber booms hinged at their inner ends to the^-^ 
pontoon dock, and supported at their outer ends by a cast stee7^i^ 
rack, which is raised or lowered by worm and pinion gear--:r m 
driven by suitable gearing from the deck of the side wall. Th^ *J 
sound of a hammer need never be heard when docking a shii: i - 
on an *' off-shore " dock. Many examples of this type of docIC-:> 
have been constructed, all of which have given the greatest ^- 
satisfaction. The first one completed was for the Eeiherstie^^^ 
Co., of Hamburg, and set to work in 1888. One of the latesr^^^ 
of ;\XA){) tons lifting power, for Messrs. S. P. Austin & Sorj«: -^ 
Ltd., of Sunderland, has been constructed by Messrs. Swai^r ^ 
Hunter & Wighani Itichanlson, Ltd., of AYallsend-on-T^Ti*' ^. 
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Small " off-shore '' docks of from 400 to 600 tons lifting? power 
have been found to be very successful in dealing with large 
numbers of trawlers at Grimsby and Aberdeen. 

The " sectional " pontoon dock is made up of a number of 
separate tanks or pontoons, which are held together by two side 
walls, as shown on Fig. 4. This type is very suitable for ves- 
sels of medium dimensions, and owing to its form can be very 
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Fig. 4. 

easily constructed in places where a dock of any other description 
would be practically impossible to complete. The separate sec- 
tions of the pontoon can be easily ei-ected and launched, after 
which the walls can be erected in place. 

The '* Havana'' type of floating dock (Fig. 5), Mr. Lyonel E. 
Clark's patent, consists of two continuous side walls, between 
which are attached three or more (usually three) separate pon- 
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Fio. 6. 

^oons, two end sections and a central section. At intervals along 
^te walls two tiers of lugs project from the face of the wall ; cor- 
^^^sponding lugs are built on to the side of the pontoons, the lower 
^^t of lugs being just above the light waterline and the top set in 
line with the top of the pontoon. The actual joint between the pon- 
toon and wall is made by pairs of fishplates, secured by large 
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tapered screw bolts (see Fig. G). Several examples of this type of 
(lock have been constructed during recent years by Messrs. Swan, 
Hunter & Wigham Richardson, Ltd., but although the 
** Havana '' type is a very strong and useful form of dock, the 
latest and undoubtedly the best and strongest form of self- 
docking floating dock is that known as the ** bolted sectional " 
type, a recent design of Messrs. Clark & Stanfield's, two 




Fig. 6. 



examples of which have lately been constructed at Wallsend, 
and a third, destined to be towed to Callao in Peru, is now in 
an advanced stage of construction at the AVallsend shipyard. 
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Fig. 7. 

The '* bolted sectional " dock is, generally speaking, a mcnli- 
fied form of " box " dock, having the longitudinal strength of 
the latter, combined with the self docking facilities of the former. 
This type is built in three sections of approximately equal 
lengths (Fig. S), the two end sections being symmetrical. The 
ends of the walls are stepped down, the lower step forming a 
docking land, when selfdocking the centre section. The joint 
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between the three sections is usually a combination of butting" 
angles bolted together for the underwater portion, and butt 
straps for the remainder (see Fig. 7). The end bulkheads of the 
various sections of the dock occur about two feet from the sec- 
tion ends. It therefore follows that when the sections are 
brought into position for coupling up, a chamber about four feet 
long is formed, from which the water may be removed and so 
allow the bolts in the joint angles across the bottom and up the 
outer sides of the pontoon to be inserted. The ends of the centre 
section are recessed, as shown on Fig. 7, and a compressible 
compound inserted to enable a tight joint to be made, so that 
the water may be removed from the joint chamber when making 
or breaking the connection between sections. 
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Fig. 8. 

Facilities of Various Docks for Selfdockixg. 
With regard to the facilities for selfdocking possessed by the 
'^ ^^irious types of floating docks as enumerated and described, 
^•^e ** bolted sectional," from actual experience, is as simple as 
^ ^^y of the other, excepting, perhaps, the ** off-shore." The 
■^ Havana" type certainly calls for very careful manipulation 
^^ enable all the tapered bolts to be withdrawn, and, moreover, 
■- ^e dock has to be heeled over sideways twice in each direction 
''^=^hen selfdocking the centre section, or the two end sections, 
^■^^hich ai-e usually taken together. In the '' sectional " type of 
^ ^ck, the pontoons are easily selfdocked. The bolts connecting 
^>ae bottom flanges of the walls to the pontoon having been 
^^ amoved, water is let into the section to be selfdocked, to over- 
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come its surplus buoyancy ; it is then removed, the remainder of 
the dock sunk to the necessaiy draught and the free section 
docked between the walls in the usual manner. However, as 
long as proper precautions are taken to preserve the interior of 
the dock and the outer shell above light waterline by suitable 
protective composition, there is no necessity to selfdock at more 
frequent intei-vals than, say, from 10 to 15 years. 

The principal points to be considered when determining the 
type of floating dock best suited for naval or mercantile purposes, 
are dimensions and lifting power, so that it may be adapted to 
economically accommodate all classes of vessels. It is well 
known that a floating dock is not restricted with regard to the 
length of vessel which it can accommodate, as the ends are open, 
neither is the normal docking draught arbitrarily fixed. In the 
case of a naval dock, it is an essential feature that it should be 
able to accommodate a damaged vessel, say one with a big list 
and perhaps partly waterlogged. As floating docks are usually 
designed to have a fair margin of freeboard when submerged to 
normal draught, it is a simple matter to give the dock a slightly 
greater draught and a similar list to that of a damaged ship. 
This is a common occurrence and can be accomplished to a 
certain extent even with single sided docks. 

Messrs. Cliirk & Stanfield now have in hand designs for 
a naval dock of 20,000 tons lifting power, which will be able to 
accommodate vessels having a list of several degrees on a 
draught of 'M) feet. AVith reference to longitudinal strength, it 
is essential that a floating dock should be able to accommodate 
within its lifting capacity and without appreciable deflection all 
classes of vessels. The dock should be capable of caiTying its 
maximum load over, say, about three-fourths of its length, and 
this is usually the factor adopted when strength calculations are 
made. Single-sided docks, such as the " off-shore " or *' deposit- 
ing"; or double-sided docks of the "sectional'' pontoon typt% 
are certainly not in the same category, regarding strength, as 
the '' Havana " or " bolted sectional " types. On H.M. 
Bermuda dock, 545 feet long, was lifted, as part of the con-- 
tractors' trials, H.M.S. ''Sans Tareil," displacing over 11,000^ 
tons, the bearing length of whose keel was only a little over- 
'JOO feet. The dock was pumped practically dry without an}^ 
appreciable deflection. On the other hand, the Barrow dock^ 
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several years a^o, successfully lifted the s.s. " Empress of China/' 
a vessel the length of which is nearly double that of the dock, 
far enough out of the water to enable the propellers to be ad- 
justed, which was all that was required, therebv saving the delay 
and expense of a voyage to Liverpool for drydocking. These 
are exceptional cases, but numerous instances of a similar nature 
could be given to show the general usefulness of floating docks. 

CL-A.SS OF Work which can be Performed on Floating Docks. 

With reference to the general usefulness of floating docks, 
there is no class of repair work which cannot be satisfactorily 
completed on a floating dock. Very extensive bottom repairs 
are frequently made in these docks, even upon single-sided docks, 
which have a rocking joint in the centre of the pontoon and 
work in two sections usually^ except when lashed together to 
accommodate a large vessel. Important ship lengthening con- 
tracts, to vessels of large dimensions, have been expeditiously 
and successfully accomplished. As an example, the Vulcan 
Co., of Stettin, several years ago contracted to lengthen the 
North German Lloyd steamers " Havel " and " Spree.'' The 
"Havel,'' however, was subsequently sold to the Spaniards dur- 
ing the Spanish-American war, but the " Spree " was docked and 
the bow end cut adrift and drawn out in less than three weeks 
from the time of docking. 

Floating docks are exceedingly useful in the case of vessels 
touching the ground and requiring to be sighted to ascertain if 
<lamage has been sustained thereby. This docking and undock- 
ing is frequently done well within three hours on Smiths' oft'- 
^hore docks at North Shields. For cleaning and painting, how- 
ever, the floating dock is pre-eminent. The vessel stands high 
^^nd dry out of the water, with plenty of air circulating around 
^'O drj' the paint properly, so that the half of it does not come off, 
^'"^ is sometimes the case in ordinary dry docking. 

Rapidity of Construction. 

The fact that dry docking accommodation can be economic- 
^ 1.3' and expeditiously obtained is very often of supreme import- 
■*^C-'e when the question of docking accommoilation is under 
^^ ^»:i8ideration. Numerous instances can be given of very rapid 
^-^ ^^Jstruction and delivery of docks of large dimensions and 
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lifting power, and the writer proposes to give a few examples 
of creditable performances in this respect by Messrs. Swan, 
Hunter & Wigham Richardson, Ltd., at Wallsend. At the 
outset it should be stated that the Company are exceptionally 
situated for quick deliveries having special plant and a specially 
trained staff for dealing with this class of work. Tlie ** Havana " 
dock, with a lifting capacity of 10,000 tons, was built, launched 
and towed a distance of 6,500 miles, in a little under eleven 
months, and was ready for immediate service on arrival at 
Havana. The Stettin dock, similar in design to the Havana 
dock, was an even more remarkable performance. Just a little 
over ten years ago the Vulcan Company of Stettin were desirous 
of undertaking the very important ship-lengthening contract 
previously mentioned, but not having adequate docking accom- 
modation they naturally hesitated to do so. However, the Com- 
pany consulted Messrs. Swan & Hunter, and having satisfied 
themselves that a dock could be built soon enough to be of ser- 
vice, placed an order with them for a floating dock of the 
Havana type to lift 11,000 tons in 2^ hours, the dock to be 
delivered afloat at Stettin, and ready for work, in nine months. 
As a matter of fact the dock was delivered within seven-and-a- 
half months, and the first vessel docked within eight months of 
the time the dock was first contemplated. Another example of 
ver}^ rapid construction is the Port Said dock, which has lifting 
power up to 3,000 tons. This dock was built to the order of the 
Suez Canal Company for their own requirements at Port Said. 
The contract was signed in Paris on the 19th April, 1904, and 
on tlie 18th August following, that is, within four months, the 
d(K'k successfully lifted its first ship. 

Pumping Plant. 

The pumping plant generally used in floating docks does not 
require any elaborate descripticm. The amount of work done 
when lifting a ship is in direct proportion to the weight of vessel 
lifted ; the larger and heavier the ship, the more water has to 
\ye removed from the dock within the limits of its lifting power. 
In most of the dift'erent types of floating dock, a main pipe of 
varying diameter runs from end to end of the dock at the bottom 
of the side walls. On this pipe ihe sea connections for the inlet 
valves and the branches for the distributing pipes are placed as 
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may be required. To give the dock the requisite stability when 
working, the pontoons- and walls are subdivided into a number 
of separate watertight divisions, each having its own flooding 
and draining pipe and air pipe. Flooding or draining goes on 
through the same pipe in each compartment, so that one set of 
pipes only is required for this purpose. The pumps are usually 
of the centrifugal vertical spindle type, and are seated directly 
on to the main drain, taking water from the under side and dis- 
charging it at their own level into the sea. The motors for 
driving the pumps may be either steam or electric, and are 
generally placed on the top deck of the side wall. The connec- 
tion between the pump and motor is by vertical shafting, sup- 
ported at intervals by plummer blocks attached to the internal 
framing of the dock's wall. The weight of the shafting and 
pump impeller is carried by a ball thrust bearing in the motor 
bedplate. The engaging clutch between the moi^r and shafting 
is made flexible, to deaden noise and shock. 

In steam driven docks the engines are of the horizontal type 
with vertical crank shaft, simple high pressure engines for low 
powers, and right-angled or tandem compound engines for high 
powers. When cheap electric power is available, it is un- 
doubtedly the best that can be adopted, especially for " off- 
shore " docks, thereby dispensing with the weight of boilers, 
etc., on the dock and also reducing the number of permanent staff 
required for the dock. In manipulating the dock, the various 
valves are controlled from one central station. From each 
compartment valve in the bottom of the wall, vertical rods are 
Jed up to, and attached by a knuckle joint, to one aim of a 
<?rank; the other arm of the crank is attached to a horizontal 
Jod, which is suitably supported at intervals close under the top 
^eck by guide rollers, and led to the centre of the dock, where 
^t is attached to another craink. From this crank a rod termin- 
^^tzng with a rack is led up into the valve house. This rack 
^^Ugages a pinion, which is actuated by an ordinary hand wheel 
^^^ith spokes, similar to a steering wheel. In some instances, 
'^^liere there are a large number of different compartments 
-^^ a dock, it is found convenient to group sevei-al compartments 
^^^ether, so that the number of wheels in the valve house shall 
^ot be excessive. 
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Mobility. 

One great advantage possessed by the floating dock is 
mobility. This is exemplified by the numerous long voyages 
which they have made with perfect safety and success. One of 
the usual conditions stipulated, when contracting for a floating 
dock, is that selfdocking trials, and the actual lifting of a ship 
of the maximum weight the dock can accommodate, shall bi^ 
carried out by the builders before the dock is despatched to its 
destination. H.M. Bermuda dock is a notable example in this 
connection. The selfdocking trials of this dock could not be 
carried out at the builders' (Messrs. Swan & Hunter s) yard owing 
to insufficiency of water and space. The dock was therefore taken 
to temporaiy moorings at Jarrow Slake, and the selfdocking of 
the centre section, and one side wall, successfully accomplished. 
ITie dock was then towed round to the Medway and H.M.S. 
" Sans Pareil " docked as part of the builders' trials, to the 
complete satisfaction of everybody concerned, after which the 
dock was expeditiously towed to the Bei-mudas, where she has 
since been usefully employed. One of the largest jobs accom- 
plished on this dock was the docking for temporary i-epairs of 
H.M.S. '* Dominion " after stranding in the St. Lawrence River. 
nie vessel in her waterlogged condition displaced, at the time of 
docking, nearly 17,000 tons. Another example of the value of 
mobility of docking accommodation is the Stettin dock. This 
dock usually occupies a belth dredged out fi-oni the land on the 
opposite side of the river to that on which the A ulcan Co.'s works 
are situated. AVhen heavy repairs are being made to vessels in 
this dock, she is taken over to the other side of the river and 
moored alongside the Yulcan Company's yard. This arrange- 
ment naturally saves time in the transport of material and 
labour, which are serious items in a repairing establishment. 

Cost. 

The cost of a floating dock can he easily determined when 
once the particular requirenn^nts are known, but it depends, of 
course, entirely upon the cost of materials and labour and the 
time in which tlie dock is required to lift a vessel. A close esti- 
mate can always be made, however, when these particulars are 
known, by any ordinaiy shipbuihler. The cost of pumping 
])lant, if a vessel of certain dimensions is i-equired to be lifted 
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in one hour, is naturally greater than it would be if the time 
were extended to two hours. The writer is of opinion that too 
much importance is given to rapid dockinfif. A certain time 
is always needed for shoring the vessel, and it is better to extend 
the time for pumping over this period th^n to shore the vessel 
first and keep a powerful pumping plant idle in the meantime, 
to obtain similar results. 

In conclusion, the writer purposely has made no reference 
to, or comparison with, the ordinary graving dock, this having 
been so ably demonstrated by Mr. Lyonel Clark in his papers 
read before the Institution of Naval Architects, and the Institu- 
tion of Civil Engineers ; but he has endeavoured to place before 
the members of this Institution a few simple particulars and 
facts about floating docks. For much valuable information and 
the use of the lantern slides the writer also expresses his thanks 
to Messrs. Clark & Standfield, and to Messrs. Swan, Hunter & 
Wigham Richardson, Ltd. 

DISCUSSION. 

Mr. George Rexwick said — I have listened with very great 
interest to the paper which has just been read upon floating 
docks. For many years I have been intimately associated with 
these docks, and naturally take great interest in them ; but 
I must say, before offering a few remarks in regard to them, 
that I am rather surprised that the writer of this paper 
has not referred to a gentleman who has unfortunately now 
passed away, but who took a very great interest in floating 
docks in this district — I mean the late Mr. Alexander Taylor. 
I notice in the paper that Messrs. Clark & Stanfield, of 
London, are referred to as the only floating dock specialists. I 
would like to say there are two floating docks on this river, 
owned by the firm of Swan, Hunter & Wigham-Richardson, 
and both were designed by Mr. Alexander Taylor without any 
assistance from any other specialist, and there are two similar 
(locks on the Manchester Ship Canal, with which I am associ- 
ated, which docks were also designed by Mr. Alexander Taylor. 
I think it is only just to our late fellow-citizen that I should 
mention these facts. I quite agree with nearly everything else 
that has been mentioned in the paper, and I am pleased to find 
that the writer of it acknowledges that the best dock is the box- 
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sided dock, or a modification of it, and you who noticed the 
lantern illustrations would see that nearly all the docks that 
have been built to make voyages are of that tjrpe, which type, 
many years ago, we decided upon, on the advice of Mr. 
Alexander Taylor. I have often wondered why our Admiralty 
have not gone more in for this type of dock. I remember Mr. 
Taylor suggesting to me at the time the controversy was very 
strong regarding the new dry docks at Gibraltar. At that 
time a great difficulty was foreseen owing to the almost impossi- 
bility of a place being found at Gibraltar that was not likely 
to be subject to the fire from the sea and the land batteries. 
He suggested that a dock could be easily built that 
could have machinery placed in it to propel it at the rate of six 
or seven miles an hour, which machinery could be used for 
pumping, and a dock of that description could easily be moved, 
not, possibly, at Gibraltar, but where there was a river or other 
inlet, out of the range of fire; and not only that, but it could 
be taken to the assistance of a damaged ship, and possibly, in 
smooth water the ship could be brought upon the dock to a 
place where it wi>s convenient to have the vessel repaired. 
That I thought a most excellent idea, and I think if there is 
any representative of the Admiralty lieie lie might give (he 
suggestion his consideration. There is no reason whatever why 
the (lock should not sail at something like the speed I have 
mentioned. There is another consideration with regard to these 
docks we have to consider in regard to what we call lame 
ducks, or, damaged ships, and that is the difficulty of finding 
sufficient (k'pth of water for them. I think the writer mention^ 
they could easily deal with a vessel drawing -Ml feet. I cannot 
say positively myself, hut I think somewhere about 50 to 55 
feet would be necessary to take a ship with W feet draft. 
Such a depth of water is available in very few ports. Perhaps 
the wi-iter may givo us some information on that point, but 
that, I think, is one of the difficulties in dealing with large docks 
of this type. There is also another point mentioned by the 
wi'iter. He pcunted out that the greatest deterioration took 
place at the point just between air and water. I do not think 
that that has quite been our expeiit^nee. Our experience has 
been that the greatest deterioration takes place at the side of 
the dock where the sun plays npon it. There is naturally a con- 
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siderable amount of sweating in the in-sides of the dock, and 
unless they are carefully watched where the sun beats upon 
them, owing to difference of temperature, a considerable amount 
of pitting and depreciation goes on. I also quite agree with the 
writer of the paper that floating docks do not suffer very 
much from the shells and other growths that are upon them in 
the same way that a ship does. We have had these docks 
floating in the Tyne and also in the Ship Canal for many years, 
and our experience is that it is not necessary to dock them 
more than once in about fifteen years. It is extraordinary the 
good state of preservation in which they have been found 
even in the water of the Ship Canal, after having been in it 
about fourteen years. The only other point I would like to 
mention in regard to the dry docking of these docks is that, 
where possible, I think it is better to build the dock without 
having it of a self-docking character, that is, where you can 
have a dry dock to put it in; and as far as I am con- 
cerned, both at Wallsend and on the Ship Canal, we have 
designed our dry docks large enougli to take in the float- 
ing docks, and this gives you a dock of a more mobile 
character. They have their own pumping machinery and 
boilers on board and the mooring chains can be taken off' and 
tiiey can be towed away at half-an-hour's notice to any part of 
tile river or harbour. I think the writer will agree with me that 
^^lierever it is possible to get them dry docked it is much 
l>€*tter to make them entirely self-contained. They are more 
^Ttiobile and a better asset if you wish to sell them, and they 
^re more easy to take away than any other type of diy dock, 
F^s^pecially those which it is necessary to have attached more or 
l^ss permanently to the shore. I have listened with much 
P>leasure to the paper and I am much obliged to the writer for 
>x:te or two hints he has given to me, and as already mentioned 
C thought it my duty to make a few remarks, especially to call 
--c> remembrance that my friend the late Mr. Alexander Taylor 
X ^^d so much to do with floating docks. 

The discussion was adjourned. 

The meeting then dispersed. 
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RTH-EAST COAST INSTITUTION OF ENGINEERS 
AND SHIPBUILDERS. 



Twenty-fourth Session, 1907-1908. 



PROCEEDINGS. 



FOURTH GENERAL MEETING OF THE SESSION WAS HELD IN 
THE LECTURE THEATRE OF THE LITERARY AND PHILO- 
SOPHICAL SOCIETY, WESTGATE ROAD, NEWCASTLE-UPON- 
TYNE, ON FRIDAY EVENING, JANUARY 24th, ]908. 



Professor R. L. WEIGHTON, Vice-President, in the Chair. 



'he Secretary said — ^I am sorry to say our President is laid 
Qwell, and he has asked me to convey to you his deep regret 
ing unable to be present to-night. Under the circumstances, 
?ssor R. L. Weighton, the senior Vice-President present, 
tate the chair. 

he Secretary read the minutes of the pj-evious meeting, 
in Newcastle on Friday, Januaiy 10th, 1908, w^hich were 
•med by the members present and signed by the Chairman. 

lie Chairman appointed Mr. David Andrew and Colonel R. 
►n "White to examine the voting papers for new members, 
he following gentlemen were declared elected : — 

MEMBERS, 
asworth, G., General Manager, Consett Iron Co., The Hall, Consett, County 

Durham, 
trr, J. Lynn, Elec. Engineer, Parkside, Roker, Sunderland. 
Ine, J. J., Supt. Engineer, 31, Birken AUee, Stettin, Germany. 

)L. XXIV. -1908. li 
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GRADUATES. 



Aird, A., Engineer, Gosforth House, Roker, Sunderland. 

Chisholm, J. P., Engineer, 48, Falmouth Road, Heaton, Newcastle-upon-Tyne. 

Markham, M., Engineer, 9, Eldon Square, Newcastle-upon-Tyne. 

Turner, S., Engineer, 4, Queen's Road, Monkseaton, Northumberland. 

Winstanley, E. G., Shipbuilder, 6, Ash Place, Newcastle Road, Sunderland. 



Mr. W. Gr. Spexce replied to the discussion on his paper on 
** Notes from Four Years' Working of the Educational Com- 
mittee's Recommendations." 

The discuflsion on Mr. H. R. Jarvis' paper on " Floating 
Docks " was resumed. 

Mr. J. Hamilton Gibson read a paper on ** Torsion-Meters 
as applied to the Measurement of the Horsepower of Marine 
Steam Turbines." 
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MR. W. G. SPENCE'S REPLY TO THE DISCFSSION ON 
HIS PAPER OX "NOTES FROM FOUR YEARS' 
WORKING OF THE EDUCATIONAL COMMITTEE'S 
RECOMMENDATIONS." 

Mr. W. G. Spence, in replying to the discusflion, said — Allow 
me in the first plaoe to thank the members for the kind recep- 
tion they have given to this paper, and especially to thank all 
those who joined in the discussion or sent communications. 

Professor Weighton draws attention to the fact that my paper 
deals with one section only of the Committee's report, namely, 
the section recommended with a view to increasing the efficiency 
of what may be termed the apprentice artizan, as distinguished 
from what may be tenned the apprentice engineer or pupil. 
I am obliged to him for doing so, as persons outside the Insti- 
tution and not familiar with the report might fall into the 
error of thinking the section I have dealt with was the whole 
scheme, whereas an entirely different scheme of training was re- 
commended for " selected " young men who had shown they 
possessed the necessary character, ability and preliminary edu- 
?ation to follow the higher course with advantage. With regard 
to the section dealt with by me, he advocates that an increased 
*ihiio of marks be given for evening study. The ratio of marks 
idopted for timekeeping, industry in works and evening study 
^^i& fixed more or less as an experiment, there beiug no pre- 
ious experience for guidance. As a result of the four years' 
working, I think the amendment suggested by him would be 
tJL improvement. 

I note with interest that the data submitted in my paper 
^ confirmed by Mr. Hinchliffe's considerable practical expen- 
se as a teacher of evening classes, and that he has found only 
sixxall percentage of youths have the necessary qualifications 
"* Ixigher work. This is the greatest argument for seeing that 
■^s small percentage is not lost in the crowd, but encouraged 
F^^nsevere. Mr. Hinchliffe takes some exception to the system 
^-^^^arding evening study marks on examination passes alone. 
^^^ really raises the whole question of examination as a test 
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of efficiency in anything. The system has its well-known defi- 
ciencies, but after considering several others the pass system 
was deemed the simpler ami probably more effective. One reason 
for this was the wish to discover what is the amount and quality 
of work done by our apprentices at these evening classes, and 
the ability to pass the examination seemed the only definite 
measure available. We have now had four years' practical expe- 
rience of the scheme, which, together with the opinions brought 
forward in this discussion, should enable us to more clearly 
understand the conditions, and improve on the present arrange- 
ment. With regard to overtime, the foremen have instructions 
to, as far as possible, avoid keeping boys who attend classes late 
in the works, and with the curve before them they should have 
no difficulty in knowing which boys to keep. 

Mr. Harrison does not approve of the system of money awards 
adopted, and considers advancement in the works a sufficient 
inducement to offer. The Committee, in issuing their report, 
made it clear that while they recommended the general scheme, 
alterations in detail would probably be made by the various 
works adopting it. The report reads : '* Promotion in the work- 
shops will depend upon marks obtained," and this almost follows 
as a necessity. I see no reason whj^ the system of marking re- 
commended shoukl not be used by anyone who considers the 
money awards unnecessar\'. The main advantage of the system 
of marks in my eyes is that it forms a definite scale on which 
you can measuie each boy and tabulate the results for comjxiri- 
son and future reference. If these lesults are focussed by some 
such " graphic " method as ailopted in this paper, both the man-- 
agement and everyone in the works can by inspection at once^ 
tell ihe relative position of each youth, and I know of no othen 
system of which this can be said. 

It must not be forgotten that with the exception of the por- 
tion of marks allocated by the foremen, the youth register— 
his own height on the diagram, timekeeping and evening stud; 
bi^ng entirely in his own hand. 

The method of rewaiding relative effort is quite distin»» 
from the method of measuring it. 

Mr. Harrison considers curve B (marks awarde<l by foreme^ 
as unreliable and unneccssaiy, and that this should be al 
ished. Any order of merit awarded by human beings is necc 
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sarily to some extent unreliable, and conduct marks awarded 
by foremen are not the only things to which this principle 
applies. This difficulty has been recognised all along, and was 
referred to in the paper. I think a better way of meeting it 
is that suggested by Mr. Heniy Clark, namely, to reduce the 
ratio of marks under this head. It is distinctly a foreman's 
business to study his apprentices and promote them accordingly. 
Individual promotion in the various shops is mostly in their 
hands, and if they cannot give an approximate estimate as to 
the relative conduct and progress of each boy while at work, 
no one else can. At all events the system compels each fore- 
man, once a quarter, to consider each boy under him and to 
publicly express his opinion, which I think is good. 

Mr. Harrison considers that the yearly improvement shown 
on curve D may be due to the foreman's increasing anxiety to 
show his own department in a good position. An examination 
of the curves G, F and H, show that this improvement has 
been largely due to improved timekeeping. 

. Mr. Harrison draws attention to the poor results recorded 
ior evening class work, and recommends compulsory class at- 
tendance as the only remedy. If intelligence and character 
crould be put in with a spoon it would be possible, metaphorically 
speaking, to take a cix)wd of apprentices by the nose and admin- 
ister the approved dose, but can it be done? I believe it is 
j)os8ible and wise to compel eveiy child to learn the rudiments 
^Df reading, writing and arithmetic, and thus prevent him from 
becoming a public nuisance, but to educate is in my mind another 
:^iiatter and just what the derivation of \h& word implies, *' to 
^Jraw out," namely, the drawing out of what is in, which is exactly 
^he i-everse of cramming in. I believe it to be a sheer waste 
^Df time and money to attempt to compel many youths to acquire 
^ scientific education ; some are naturally adapted for it and 
^ome are not, just as some have a natural turn for music and 
^ome for drawing. An attempt to teach music or sketehing 
~tfco those without the natural instinct will fail, and I believe 
"fche same principle applies in science, the only true method being 
"trhe selective principle, and this is what the Committee have 
^=aimed at in their scheme. 

I note Mr. Harrison only accepts for apprenticeship boys who 
^^ossess a satisfactory preliminary education. This must tend 
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to improve tke wkole tone of the boys, and a wider application 
of the arrangement would be an advantage wherever the local 
conditions permit. 

Mr. Harrison gives a list of the present positions occupied 
by his past apprentices. This list shows a post-apprenticeship 
interest in young men which is altogether admirable. I ques- 
tion if anyone else could show that they had taken the trouble 
to make an equally systematic record. The sole addition I 
would like to see to it would be an equally systematic method 
of recording their progress during apprenticeship, and this I 
hold he will obtain if he adopts some such system as has been 
dealt with in this paper. 

I have heard Mr. Vardy's remarks with much interest. His 
results are, however, as he pointed out, from a shipyard, and 
as the conditions obtaining in a shipyard are necessarily different 
from those in an engine works, one must expect a different result. 
Two of the most necessary conditions in the formation of char- 
acter are discipline and regular work. For several reasons the 
nature of a considerable portion of shi{)yard work makes dis- 
cipline difficult, and the work irregular, and the youths in con- 
sequence grow up in an atmosphere which leaves much to be ^ 
desired and which must affect them prejudicially. For this -^r 
reason it is distinctly eucouiuging to note that he has found the ^^3 
system adopted tends to improve timekeeping, and that alone ^i-^ 
should justify its adoption. 

I have to thank ^Ir. lieniy Clark for his very complete sum — -^ 
mary of the results of the system as applie<l in his works, anjd^-:^t-i 
his remarks thereon. Mr. Clark agrees generally with th^^d 
deductions I have drawn, and his opinion is the result of thre»^^ 
years' independent practical work. I quite agree with him tha'^^i^j 
it would be advisable to reduce the ratio of marks awarded b^<rjr 
foremen, as at present they form too gi-e-at a percentage of HimJ^^z 
total. In the system adopt^^l at the Xeptune AVorks the appreicK: ^e* 
tice is not cre<:lited with any oveii-ime worked. 

Mr. Jenkins also speaks of the system from practical experrm: ^!E3 
ence, having been in the Xeptnne AVorks for several years du-«:-r J 
ing its operation. He is therefore able to speak of it from ^^mzm: 
strictly shop point of view. His suggestion for a graded seriir-::*: 
of courses of study would, I am afraid, be veiy difficult to woim:^i3>j 
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It is, however, to some extent met in tke courses adopted by 
Mr. Hughes, of the Lancashire and Yorkshire Railway, and 
described in his communication. 

I have to thank Mr. Hamilton for his communication. I 
think his summation of the Committee's scheme both terse and 
correct, viz. : that while it is based on the principle of the sur- 
vival of the fittest, it assists in producing the greatest number 
fit to survive. 

The Institution is indebted to Mr. Morison for not only 
submitting the details of the scheme as in operation at the 
Hartlepool Engine Works, but for the fact that a similar scheme 
was adopted there as early as October, 1902, namely, previous 
to the issue of the Educational Committee's recommendations. 
It is a remarkable fact that each of the three works which has 
adopted the scheme, and every speaker who has had practical 
experience in its operation, has spoken favourably of it. It 
is interesting, also, to note that, broadly speaking, the results 
from all three works vary but little, viz. : that timekeeping and 
ionduct have been improved, but that the insults of evening 
tlass work have been disappointing. The latter result is prob- 
ably no surprise to those who were familiax with such work, 
nd if the scheme brings to light the few who really struggle 
nd have ability, it will justify its adoption. 

Mr. Kennedy has dealt with the subject very fully and very 
3elingly. On the principle that an ounce of practice is worth 

pound of theory his opinion is important. His remarks deal 
a.tirely with the operation of the scheme in I'egard to the actual 
ractical work of the apprentices while in the workshops, a 
M-t of the scheme which is in no way less important than that 
hich deals with evening study. I am so fully in accord with 
is remarks that it is difficult to add anything thereto. He has, 
3W^ver, raised one important point which has not been dealt 
ith by any other speaker, and that is the part played by the 
uent in regard to the scheme. So far I have contented myself 
ith writing to the parents of the few at the bottom of the curve, 
lit I think the plan adopted at Hartlepool Engine Works of 
ending a copy of the yearly return to each parent or guardian 

valuable one. 

Mr. Harold Thomson also speaks of the scheme from prac- 
icei experiemce, as he was connected with its inception at the 
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Southwiek Engine Works, and was familiar witli its working 
there. I should like to see his suggestion accepted for a uniform 
system for those works which have adopted the scheme. The 
experience gained during the past four yeai"^, combined with the 
results of this discussion, should make this quite practicable. 
Mr. Thomson draws special attention to the fatct that under the 
scheme it is practically impossible for a youth to show marked 
ability and escape the notice of the managing staflf. Can this 
be said of any other system ? I think Mr. Thomson goes to the 
root of the whole matter when he points out that the most im- 
portant duty of any scheme is to select and train men for posi- 
tions of responsibility, and that the qualities required in these 
are a combination of character and ability. The main object of 
the sicheme is to discover and help to the front youths with these 
characteristics, and I quite join with him in doubting if much 
of the public money expended on education has been directed in 
a way to assist this. 

I am very much indebted to Mr. Hughes for his communica- 
tion and the details of the courses of study he has aiTanged. I 
note the objections he points out to the aiTangement of allowing 
the head boy to come in at 9 a.m. during the class session. I 
hope, however, should a youth secure this position one year and 
fail to secuie it the next, that it will act on him as a further 
spur to exertion. I note that Mr. Hughes shows the result of 
each year's work to each parent, and I tliink this an important 
improvement. The copy of his " Conditions llegulating Admis- 
sion to Classes" and his " Couivse of Study for Engineering - 
Students " should be useful to all tliose who have to deal with ^ 
engineer apprentices. 

Before closing, I would like to sum up some of the points^-^ 
and practical suggestions brought forward in this disi^'ussion, a>r-:r 
follows : — 

(1) All those who have practical experience of the workinji^ 

of the scheme state their general approval thereof. 

(2) The section of the scheme de^ilt with in this paper should - 

now be reconsideit^d with a view to the amendment cn^ 
details and the adoption of a uniform scale by Hvnmr 
employing it. 
Q)) The ratio of marks awaided for evening study should 
increased. 
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(4) The system of awarding marks on examination passes 

should be reconsidered. 

(5) The ratio of conduct marks awarded by foremen should 

be decreased. 
(G) A copy of each year's results showing the marks gained 
and relative position of each apprentice should be sent 
yearly to each parent or guai'dian. 

(7) The issue by this Institution of advice regarding the 

choice of classes and the arrangement of suitable 
courses of study for evening students. 

(8) That some effort should be made to induce Educational 

Authorities to confine entrance to science classes to 
those only who can show satisfactoiy evidence that 
they possess the necessary preliminaiy education. 

In conclusion, I wish to add that, judging from my own prac- 
tical experience, and the opinions expressed in this discussion, 
I consider the Institution to be much indebted to its Educational 
Committee of 190'^, which, under our then President, Mr. John^ 
Tweedy, formulated and i^commended the general adoption of 
the scheme. 

The Chairman (Prof. II. L. Weighton) said- -Ever>' contribu- 
tor of a paper to our Institution lays us under a personal obliga- 
tion to the writer, but I think this obligation is even increased 
in degree in the case of a paper such as the one which Mr. Spence 
ha.s contributed. I do not know of ajiy subject which is of 
greater importance than the proper training of the rising genera- 
tion, whether they be engineers, or of any other profession or 
business. For the verj- great trouble Mr. Spence has taken in 
the preparation of his paper, and for the very full reply wliich 
he hsui given us to the disi»ussion, which adds considerably to the 
value of the paper inasmuch as he sums up the general i*esults 
of the discussion, I ask you to accord him a veiy cordial vote of 
thanks. 

The motion was carried by a^^clamation. 
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RESUMED DISCUSSION ON MR. H. R. JARVIS'S PAPER 
ON '^FLOATING DOCKS.'' 

Mr. Edward Box said — In a paper read before this Institu- 
tion in 1906 upon *' Commercial Dry Docks," it was suggested 
by its author and concurred in during the discussion that there 
was ample room for a separate paper on the floating form of 
dry dock. The suggestion having matured, I think the Com- 
mittee are to be congratulated upon having obtained a paper on 
the subject. 

There are three accepted ways of recovering vessels from the 

water for purposes of cleaning and repairs ; the standard method 

adopted in this country being by means of the graving dock. 

The other methods are the slipway and the floating dock. The 

slipway is not regarded with favour excepting in the case of veiy 

small vessels. The floating dock, the subject of the paper, has 

leen adopted of recent years, mostly abroad. Much has been 

"written by way of comparing the relative advantages of the 

j^raving and the floating docks. Generally, it may be said that 

^hose experienced with graving docks consider they are prefer- 

-^ible to floating docks and vice versa. Experience in the use of 

iCoating docks in this country is, however, very limited. Whatever 

^Dpinions may be held by those interested in the building or 

^^i^orking of dry docks, there are many shipowners who give pre- 

z^erence to the floating dock. It is true theixj are still a few who 

^are prejudiced against this method of docking, but they are 

^^upidly diminishing. I know it is contended by many that the 

""^apkeep of floating docks is much in excess of graving docks, but I 

^^lo not think that contention can be borne out in this district, where 

^^Jiuch is spent annually upon repaii-s to graving docks. Con- 

^urete work has not been so certain in its nature as mild steel. 

^t is quite feasible to put a steel structure together almost 

^^egardless of time, but in graving dock construction the mate- 

^al, when of concrete, is being made at the same time as the 

^construction is going on, and the conditions are very different, 

especially during winter months. 

The question has been much debated recently whether float- 
ing docks should be self-docking. Unless the locality where the 
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dock is situated aft'ords some method equivalent to docking the 
structure, such as beaching, then I am of opinion the dock should 
certainly be self-docking. If it were necessary to construct a 
graving dock, as has been suggested, so as to be able to dock 
the floating dock, then the graving dock would as a necessity 
require to be larger than the floating dock, and in addition to 
the floating dock losing its claim of independence, the graving 
dock in many cases would often be found to be impracticable. 
Again, the dock might receive serious damage, but in any case 
is sure to require docking sooner or later; the ability to do 
so should add materially to the life of the structure. 

Coming to the question of design, there is a self -docking dock 
known as th-e '" Hansson '' type. I do not think any paper on the 
subject of floating docks complete without some reference to this 
design. A dock of this type was built quite recently in America 
for the Philippine Islands, and was fully described in a paper 
read before the American Society of Civil Engineers by Mr. 
Leonard M. Cox. In my contribution to the discussion upon 
that paper I made the following remarks : ** There can be little 
doubt that the nearer we keep to the simple or what is called 
box form of floating dock the stronger it is possible to design. 
The design of the dock (which the author described) would appear 
to nearer solve the problem of a self-contained floating dock 
than most designs the writer has seen, but until auxiliary con- 
structional works are entiit'ly dispensed with the problem cannot 
be considered to have been entirely solved." In a paper read 
before the Institution of Xaval Architects last year by Mr. 
Lyonel Clark (in which 1 was invited to take part), Mr. Clark 
admits " that the ' Hansson ' design under certain and not un- 
reasonable conditions may be considered as good a solution of 
the problem as there is." My own feeling is that it will be 
improved upon. 

Of the types of floating doi'ks sh(nvn by the author, I con- 
sider the oi^'-shore the best dock for commercial purposes. It 
is not so strong structurally as a two-sided dock, especially when 
the latter has continuous side girders. For double-sided docks 
of limited proportions the sectional dock (Fig. 4, p^ige 125), 
which is self-docking, is a very simple arrangement. The 
** Havana " type is too complicated in its self-docking arrange- 
ments. The bolted sectional dock is simple, but I should pre- 
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fer a type which, "breaks joint." I was hoping that 
the author would give a description of the method of constructing 
floating docks. Perhaps a few words on the subject would 
interest the Institution. 

Although built in a shipyard as being the most suitable for 
launching, an entirely different system to shipbuilding is 
adopted. All dimensions are made to adapt themselves to a 
standard pitch of rivets and all frames and bulkheads are 
arranged to suit. The plates are punched in a multiple machine 
gauged by machinery. At Millwall Ironworks, where the early 
docks were built on this principle and the speaker received his 
early training, we had at that time a punching machine with 
a double head that punched six holes at a time, three on either 
edge, with a rack table to which the plates were fixed. We 
used also to punch the angles by rack. The racks were com- 
posed of 1" X V' X J'' angles cut with teeth and clipped on to the 
ends of the bars. This rack engaged with a pawl fixed to the 
head of the machine exactly opposite the punch. The result 
was very excellent work. 

Although rapidity in floating dock construction must be 
credited to the Wallsend firm, the Smiths Dock Company were, 
I believe, the first on the Tyne to adopt the system of floating 
dock construction which I have described and which enables 
such rapid and excellent work being obtained. Their *' off- 
shore '' dock, known as their No. 7 dock, was the first Clark 
and Stanfield dock built on the Tyne and the first put to work 
in this country. The dock was built under my supervision on 
the site now occupied by another and larger dock of the same 
type. Not a template was marked off on the work but was 
^made in the joiners' shop from drawings prepared in detail. For 
^he plates we designed a rack table fixed opposite to an ordinary 
Punching machine fitted with double punches. In this way 
^he plates were punched to gauge. This dock was built of steel 
^n 1891-1892, and was at once a success. It was in excellent 
Condition when docked three years ago, and has successfully 
'Jo eked about 1,400 vessels. 

There is not much information in the paper I'especting 
design. A floating dock requires to have displacement to 
I>i^ovide for (a) weight of the structure; (b) weight of 
^l^-^ vessel ; (c) freeboard ; (d) conting-encies such as drainage, 
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water, etc., with some means of controlling the structure during 
operation. The strength of the structure must be such as to 
be capable of carrying the maximum weight to be lifted dis- 
tributed on the keel blocks. This is very simple, if we regard the 
vessel as a distributed load throughout the entire length, but, in 
my opinion, a floating dock should be capable of utilizing 
its maximum lifting power to lift a loaded ship on not more 
than three-quarters its entire length. I am assuming that a 
reasonable draught is provided. You can then compaire 
your floating and graving dock on the same basis. Then, again, 
the flexibility of the structures will require some consideration: 
you will probably find, with the usual margin of safety, that 
there is not much which requires attention, but this will greatly 
depend upon the design of dock, especially when self-docking. 

The author might have added some useful information re- 
specting the launching of floating docks. The early Russian 
docks built at Millwall were taken to pieces and shipped to their 
destinations. Those built at Grey's were built in a shallow basin, 
as was also the " Hansson " dock in America. The old Bermuda 
Government dock, built at Blackwall in 1869, was launched 
end on, as are also those built at Wallsend. The dock built at 
North Shields, already referred to, was launched sideways, half 
at a time. The launching weight was about 700 tons. 

The declivity of the ways was 1 in 12 to 1 in 8. 

By the courtesy of Messrs. Smith's Dock Company, I am able 
to show you a few slides which I think will be of interest, and 
which include amongst others: the dock being launched; dock- 
ing the floating crane built for the " Mauretania " ; and dock- 
ing the floating hospital. Xcither of these could be docked in 
a graving dock built fc^r vessels of the capacity the dock was 
intended for. 

I am sori-y I cannot congratulate the author upon the ex- 
haustive nature of his paper. The slides of the several docks, 
however, are very interesting. I should like, in conclusion, to 
ask the author the cost of the different types of docks he gives 
per ton (►f effective lifting power, ready for delivery. 

The discussion was again adjourned. 
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TORSION-METEES, AS APPLIED TO THE MEASURE- 
MENT OF THE HORSEPOWER OF MARINE STEAM 
TURBINES. 



By J. HAMILTON GIBSON, Mkmbbb. 
[Rbad in Nbwcastlk-upon-Tyne, on January 24tb, 1908.] 



When a revolving shaft transmits power it always twists 
slightly throughout its length. In other words, the end at which 
the power is applied moves slightly in advance of the end where 
the work is done, the amount of twist varying directly aa its 
length, directly as the moment of the load applied, inversely as 
the rigidity of the material, and inversely as the fourth power 
of its diameter, the formula reading : — 
^_ 10.2TL 
CD^ ' 
where is the angular displacement in radians, T= twisting 
moment in inch pounds, L = length of shaft in inehes, C = the 
xnodulus of rigidity, and D = diameter of shaft in inches. The 
law holds good absolutely for all shafts which are not stressed 
fceyond the elastic limit. As shafts are usually designed with a 
Xarge factor of safety, it follows that the amount of twist, or the 
** torque," as we prefer to call it, is very small. In propeller 
shafting, for instance, the torque is rarely more than 1 degree 
^•or 10 feet of length, so that for a 12 inch shaft the circumferen- 
"Ciial displacement is only about J inch at full power. 

Various methods and numerous instruments have been 
^^evised to enable an observer to read off the torque of revolving 
shafting, and such instruments are rightly termed "torsion- 
^■^leters," or, if self-registering, *' torsion-indicators." Many 
<=^f these instruments are extremely ingenious, and it is proposed 
i :n this paper to briefly examine and describe some of them. 

The rapidly growing adoption of steam turbines for ship 
propulsion has created a demand for some ready means of ascei:- 
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taining their horsepower, and as the steam engine indicator is 
not suitable for this purpose, we are thrown baek on a torsion- 
meter as the only known method by which such information 
can be obtained. The power of a steam turbine may be estim- 
ated approximately by calculating the amount of water passed 
by the feed pumps, or by measuring the number of heat units 
that pass through the turbines in a given time ; but a co-efficient 
of efficiency must be first determined, and no account is taken 
of the revolutions in such estimates. As, however, ^'revolutions" 
is the very essence of power in dealing with the question of ship 
propulsion, that would be a very unsatisfactoiy method of report- 
ing the power from a shipowner's point of view. How often do 
we hear the claim made that so-and-so's feed-heater, for instance, 
has given a liner an extra one or two revolutions on the same 
coal consumption as before? Observe there is no mention of 
power, because it is recognised that under similar conditions, 
the maintenance or improvement of the revolutions is the only 
thing that matters. 

Now it is a well-known fact that a turbine, unlike a recipro- 
cating engine, passes almost as much steam when standing 
as when revolving at full speed : and it has therefore become 
an almost imperative necessity, in fixing the responsibility as 
botwocu the boiler and the turbine, to know what power the 
turbine is transmitting to tlio propeller under varying conditions. 
The power thus ascertained is called the '' shaft horsepower," 
in contra-distinetion to the term " indicated horsepower " which 
has come to be applied exclusively to the results obtained by 
'' indicating " the mean pressures in the cylinders of a recipro- 
cating engine. In this connection, " brake horsepower " and 
"shaft horsepower" aie, of course, identi(*al. 

A small propeller working deeply immersed in smooth water 
is a fairly uniform brake, and the turning moment of a steam 
turbine ia also very uniform. Conseciuently there is little, if 
any, fluctuation of the torsional stresses in the propeller shafting. 
If, then, we can ascertain the torque at only one point in each 
revolution, it may be assumed that, knowing the revolutions, 
we have all the information retjuired to calculate the work done. 
It is very different, liowevtM*, in the ease of reciprocating engines. 
The turning moment is anything but uniform, there are several 
points of maximum and minimum tonjue in each revolution: 
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in fact, it is not an unknown experience to find that at one or 
more points in each revolution the torque is negative, that is, 
the propeller, acting as a flywheel, overruns the engine and 
actually pulls the engine round after it. In all cases of recipro- 
cating engines therefore, it becomes necessary to read off the 
torque at several points in the revolution, the more points the 
better. The mean torque is then taken in making calculations 
of power. For a clear appreciation of the problem of torque 
measurement it is expedient to keep the foregoing facts well 
in mind, anl principally to remember that we are dealing with 
extremely minute angles : for it is no exaggeration to say that 
an error of a hair's breadth may mean a difference of several 
hundred horsepower in the result. 

Before applying any form of torsion-meter to a shaft, we must 
know its " modulus of rigidity," that is, how much it will twist 
with a given static load applied at the end of a lever of known 
length. This can only be done satisfactorily in the work- 
shop, preferably on a long rigid lathe bed (Plate XIII.). One end 
of the shaft is securely fixed and a twisting moment applied at 
the other end. To eliminate the effect of friction in the support- 
ing bearing at the free end it is advisable to use two levers, one 
at either side, as shown in the illustration, and the loads are 
preferably applied by graduated spring balances. Two pointers 
independent of the load levers are secured to the shaft as far apart 
as practicable, and the difference in the angular movement of 
these two pointers gives the true twist for that length of shaft. 
If the pointers are made 57'3 inches long from the shaft axis, 
their ends will describe 1 inch of arc for 1 degree of twist, and 
a decimally-divided straight edge will then measure the twist 
to within yoj! o^ ^ degree, which is quite near enough for all prac- 
tical purposes, and we can proceed to calculate the modulus of 
rigidity from the formula. 

Observe that a propeller shaft is subject to two distinct 
stresses. Not only is it twisted as between the engine and the 
propeller, it is also compressed longitudinally by the propeller 
thrust, the compressive stress being sometimes as much as 20 per 
cent, of the shear stress at the surface of the shaft, produced 
by torsion alone. This compression augments the torque by an 
appreciable amount, which has been actually measured in numer- 
ous experiments, and may be taken roughly as 3 per cent, for 
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hollow shafts and 1 per cent, for shafts which are solid. It might 
be considered sufficient to calibrate only one shaft in a multiple 
screw vessel ; but it is found that similar shafts, with identic«il 
tensile and elongation tests, have different moduli of rigidity 
probably due to their varying elastic limits and some slight 
difference of homogenity in the material. The only way there- 
fore to ensure accuracy is to calibrate each shaft separately ; and 
we may then construct a jwwer diagram, as shown in Plate 
XIX. for each. 

Another point to bear in mind is that a working propeller 
shaft is " alive," and this condition must be imitated as far as 
possible during calibration by jarring the shaft with repeated 
blows of a mallet so as to keep the mass in a state of molecular 
vibration. Otherwise the phenomenon of mechaniced hysteria, 
so marked in some static experiments, will obtrude itself and 
vitiate the results. 

Having established the true modulus of rigidity for each 
shaft, we may proceed to build up our power diagrams based 
on the formula, 

where H = shaft horsepower, = torque in degrees, D = diameter 
of shaft in inches, X = number of revolutions per minute, C = 
constant varying with the modulus of rigidity, and L = length 
of shaft in inches. In this formula we have all the elements for 
obtaining the shaft horsepower, and it only remains to ascertain 
the number of degrees of torque by means of a reliable and 
accurate torsion-meter. Naturally a mechanical engineer would 
employ mechanical means for the purpose, in the first instance 
at any rate, and we will describe two such means that have been 
tried with varying success. 

Dr. Pottinger's apparatus (Plate XIV., Fig. 1) has been used 
on several German boats, and consists essentially of two stiff 
tul>es encircling but free of the shaft, except at their remote 
ends, where they are rigidly secured to the shaft. The free ends 
of each tube are brought together and terminate in a pair of 
disks, the disks revolving with the shaft in parallel planes. As- 
suming the disks to be 2 feet diameter and the two points on 
the shaft to which the tubes are secured to be 10 feet apart, the 
edges of the disks will then have about J inch movement relative 
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to one another at full power. Means are introduced to multiply 
this movement by the employment of links and levers, and the 
torque is recorded by an indicator pencil moving round a fixed 
paper cylinder concentric with the shaft. When there is no 
torque the line drawn by the pencil is a continuous circle in 
the same plane, and this line represents the zero or base line 
from which the subsequent torque indications are measured. 
When the shaft transmits power " ahead " the indication for 
varying torque as in a reciprocating engine is a wavy line on 
one side of the base line. For " astern " power the indication is, 
of course, on the opposite side. The back lash of the link work 
is taken up by light springs to steady the pointer or pencil. 

Several diagrams taken by a Fottinger meter are shown in 
Fig. 2 (Plate XIY.), which exhibit clearly the fluctuating torque 
of shafting driven by reciprocating engines, and at full power 
a negative torque is seen, as previously referred to, at that period 
of the revolution where the propeller overruns the engine. 

Another form of mechanical torsion-meter is that of Mr. 
Collie's (Plate XV.). Instead of tubes encircling the shaft, 
which are limited in length by the distance between the 
couplings and the plummer block bearings, two light counter- 
shafts parallel to the main shaft and driven from it at their 
remote ends by sprocket wheels and chain gearing are carried 
overhead. Their free ends are screwed into each other, one 
of them forming the nut and having a limited longitudinal 
movement, whilst the other has none, merely revolving in a 
small thrust block. As one end of the main shaft revolves 
slightly in advance of the other, the countershafts screw 
themselves into or out of one another according to the direction 
of rotation of the main shaft by an amount depending on the 
power transmitted. The longitudinal movement is transferred 
to a pointer and rendered visible on a dial which is graduated 
on either side of the zero into so many degrees of torque ** ahead '' 
and " astern." The back lash of the gear is taken up by springs 
as in the Fottinger meter, and it is a simple matter to add a con- 
tinuous recording apparatus if such be required.' 

As a variant on the concentric tube and countershaft methods 
of measuring the twist of a shaft by means of a parallel member 
not exposed to torque, several inventors have made use of the 
fact that some main shafts are hollow, and fit an inner shaft 



156 T0BSI0N-METEB8. 

loosely fitting the bore (Plate XVI., Fig-. 1). One ead of the 
inner shaft is secured to the main shaft and to the other end is 
fitted a pointer or spider, the radial arms of which emerge 
through grooves cut in the face of a coupling between the coup- 
ling bolts. The spider shows the same movement as the remote 
fast end of the inner shaft, and moves relatively to the coupling 
at which it emerges. Various devices are adopted to show and 
record the relative movement which, of course, gives the torque 
of the main shaft for the length of the inner shaft. 

The best known electrical torsion-meter is the Denny-John- 
son apparatus (Plate XVI., Fig. 2), which has been frequently 
described in technical publications. Briefly, it is made up of 
two revolving armatures secured to the shaft a» far apart as 
possible. Each armature had a pointed or chisel-shaped magnet 
which moves over but does not quite touch a finely wound coil. 
The coils are connected up in series through a Wheatstone bridge 
arrangement to a telephone receiver. When no power is being 
transmitted the relative positions of the revolving magnets and 
coils are identical at each revolution, and no sound is heard in 
the telephone receiver. But when the shaft twists, the arma- 
tures get " out of step," as it were, and a clicking sound is heard 
until the pointer in the recording box is moved by an amount 
equal to the number of windings in the coils, indicating that 
one magnet is ahead of or astern of the other, until silence again 
ensues, and thus the angle of torque is caught and measured. 

Some time ago, Mr. Gardner, of Fleetwood, made an elec- 
trical torsion-meter based upon the varying amount of current 
permitted to flow through a wire connected up to an ordinary 
ammeter (Plate XVII., Fig. 1). Notched disks or interrupters 
are fitted to the shaft at a reasonable distance apart. The notches 
are filled with non-conducting niat-erial and so spaced that the 
conductor and non-conductor are the same length measured 
round the periphery of the disks. A brush lays lightly against 
the edge of each armature, the width of the brush tip being 
exactly equal to the length of a notch. When no torque is 
being transmitted, one brush is in full contact on one disk, and 
the other brush is adjusted so as to be just out of contact on 
the other disk. Therefore the circuit is interrupted, no current 
flows through the system and the ammeter stands at zero. Im- 
mediately the shaft twists, however, the relative positions of 
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tli« diskkm an J brushes are altered, and curreiit flows througii the 
stem until a maximum la roacte^l when both brushes simulta* 
iiiHJUftly overlap the couductors by half tbmr width. The width 
of the brufthea and uotches aa-e pre-detei-mined to register the 
full power torque of the shaft. 

R^eof^iitly, Messfii, Barr & Stroud, the makers of the artillery 
mtige- finder which bears their name, have brought out a torsion- 
meter which is apparently based on the same idea as that of the 
Ganlner apparatus : but no details are as jet available. 

CleTer and ingenious as these mechanical and electrical in- 
struments undoubtedly are, and maimfiictiu-ed with the greatest 
jKiKsible skill, they all leave something to be desired in the 
matter of aecuracy when it comes to the measurement of power* 
Every link in the chain between the main shaft and the record- 
ing apparatus introduces a possible source of error, and, aa haa 
?ri pointed nut, an error even of the proverbial bairns breadth 
ins a fairly large percentage error in the horsepower result. 
In mechanical torHion-meters the multiplying ge-ar necessarily 
ivolves a multiplication of whatever error there might be : 
Whilst there are more insidious causes of error which ci^ep in 
in an t*lec!trioal apparatus such as variations due to battery re* 
iistanccs temperature effects, slight dragging of the commutator 
Dtioufl and brush tips, metallic dust or damp on the contact 
arfaces^ and 00 on* 
W© turn therefore to other methods, and proceed to describe 
(omon-meters which depend on the action of a beam of 

Herr Frahmt of Qei-many, and Professor Hopkinsoni of Cam- 
bridge IJniversityt have been working for some time on the 
jiUDAe linee and each haii evolved an apparutu^s so similar that 
tibttbly the same description will suffice for both (Plate XVII., 
Ftg* 2). Starting with the concentric tubes and parallel 
iliska of Fottingers uiechanieal apparatus or their equivalent, 
ihe link work for recording purposes is dispensed with and a 
^niall plane mirror is used pivoted to the edge of one disk^ and 
oscillated by a projection on the other disk. As the relative 
tnofveineni between the disks increases, so the plane of the mirror 
\% t^U^^^^l A beam of light from a fixefl lamp is projected on 
• Ufco wigo of the dinka^ anil at each revolution of the shaft it 
faugbt on the mirmr and reflected on to a gi-aduated scale. 
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In a dark chamber such as a shaft tunnel the streak of light 
from the mirror on the rapidly revolving apparatus is almost 
continuous, and the graduations are read off with tolerable ease ; 
but the almost inevitable spreading of the light beam adversely 
affects the accuracy of the reading. 

Mention should be made of a neat torsion-meter device in- 
vented by Amsler of planimeter fame (Plate XVII., Fig. 3). A 
concentric sleeve is fitted on the shaft and the free end brought 
close up to a fixed collar. A short scale is engraved on the 
collar, and a pointer or vernier on the free end of the sleeve, 
something like the marks on a micrometer calliper gauge. As 
the shaft twists the pointer moves along the scale. The problem 
now is. to read the scale as it is flying round with the shaft. 
Here advantage is taken of the instantaneous duration of an 
electric spark. Contacts are fitted on the shaft just in advance 
of the scale, and the spark throws a jwwerful light on to the 
polished scale once in each revolutii>ni : so that the scale, however, 
fast the shaft is revolving, appears to stand still, and thus the 
torque in degrees is read off directly. 

The Bevis-Gibson flashlight torsion-meter (Plate XVIII.), 
has undergone searching tests during the last eighteen months. 
Starting with the well-known physical facts that the velocity 
of light is practically infinite, and that light rays travel in abso- 
lutely straight lines through air of even density, it was con- 
ceived that some simple means of applying these principles to a 
solution of the problem of shaft torque should be forthcoming. 
The usual trial and error work with which inventors are so pain- 
fully familiar followed, and eventually the flashlight torsion- 
meter was evolved and put into use. By a mental process of 
elimination it was decided at the outset that the less " gear " 
the better. The angles to be measured are so inconceivably 
minute, and in a rapidly revolving shaft the time intervals 
are so inconceivably short, that nothing but an absolutely direct 
reading can give a true result. 

The method adopted can be best shown by a diagram 
(Plate XVIII.). Two blank disks are mounted on the shaft 
at a convenient distance apart. Each disk is pierced near its 
periphery by a small radial slot, and these two slots are in the 
same radial plane when no power is being transmitted and there 
is no twist on the shaft. Behind one disk is fixed a bright elec- 
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trio lamp masked, but having a slot cut in tke mask directly 
opposite the slot in the disk. At every revolution of the shaft 
therefore a flash of light is projected along the shaft towards the 
other disk. Behind the other disk is fitted the torque-finder, 
an instrument fitted with an eyepiece and capable of slight cir- 
cumferential adjustment. The end of the eyepiece next its disk 
is masked except for a slot similar and opposite to the slot in 
the disk. When the four slots are set in line, a flash of light is 
seen at the eyepiece every revolution, and if the shaft revolves 
quickly enough the light will appear to be continuous. This 
effect is apparent at anything over 100 revolutions per minute. 
At lower speeds the flash is seen to be intermittent, but this 
in nowise effects the accuracy and reliability of the result. At 
each end of the shaft therefore we have what is virtually an in- 
stantaneous shutter fixed, be it noted, directly to the shaft, and 
there is no connecting link or gear between the disks either 
mechanical or electrical, except the beam of light which flashes 
once in each revolution clear through the two shutters. Let us 
suppose now the shaft to be transmitting power. One disk lags 
behind the other by a definite amount, and although three of 
the slots are still in line, the fourth slot, namely, that in the 
lagging disk, effectually blanks the flash and no light is seen 
at the eyepiece. 

This is where the function of the ** torque-finder " (Fig. 
11, page 160) comes in. To pick up the light again the eyepiece 
must be moved by an amount equal to the circumferen- 
tial displacement of the lagging disk. This is accomplished 
by manipulniing the micrometer spindle of the torque- 
finder, on which is a scale and vernier graduated in degrees. 
While the scale is fixed its vernier moves with the eyepiece, and 
the graduations are so marked that by the aid of a simple micro- 
scope conveniently hinged, differences of y^^ of a degree can be 
readily discerned. For shafts of ordinary size the scale is set 
at 14*326 inches radius from the centre of the shaft, so that 
the degrees are i inch apart. One-hundredth of a degree 
therefore means tU of i inch, or ^ of one inch. As an ordinary 
shaft twists 1 degree in 10 feet at full power, it is therefore 
possible to get the shaft horsepower to within 1 per cent, of full 
power. But as it is frequently possible to fit the disks 40 or 
50 feet apart, even this accuracy may be improved upon, and 
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3 ascertained to within J of 1 per cent, of full power. Users 

ordinary steam engine indicator will readily appreciate 
this means, for indicated horsepowers are frequently 
y erratic. When we consider that a steam engine cylinder 
n some thousands of times greater in area than the small 
tor piston, we get some faint notion of the effect of mul- 
tion of error. Add to this the friction of the engine 
, the piston rod, the guides, and the connecting rod joints, 
e begin to realise how much more reliable is shaft horse- 

than indicated horsepower. For purposes of scientific 
especially in re- 
8 to ship propul- 
the latter term 
AG doubt soon 
le obsolete, and 

into the com- 
ve obscurity of 
al horsepower 
her like terms. 
e slots in the 
1 - meter disks 
jcessarily of ap- 
ble width (Fig. 
id in moving the 
t-finder over the 

is visible for 
distance along 
ale. Tie light 

into view, attains a maximum amplitude and brightness 
ides away as the eyepiece moves along the scale. If it 
possible to gauge the exact point where the light attains a 
mm, that is the point that would be used. Failing this, 
er, use is made of one edge of the slot. The finder is 

always in the same direction in taking readings, and 
d at the exact point where the lig-ht is cut off. So delicate 
sense of sight that a movement of i^^^ of a degree is suffi- 

mark the difference between light and darkness. A zero 
g is taken when the shaft is revolving idly, if possible 
aear full speed, and this reading forms a base and is sub- 

1 from any subsequent power readings. 




Fig. 12. -Diagram of Slots illustrating 
Method op Using the Edges to get Fine 
Readings. 
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Let us see how this works in practice by employing a mechan- 
ical lantern slide. First, suppose the shaft to be revolving idly. 
The finder is moved over until the light is just disappearing, 
and the vernier is seen to be standing at "53 degree. Now, 
suppose the shaft to be transmitting power. The disks have 
twisted relatively to one another, and no light is seen until the 
torque finder is moved the same amount. Having picked up the 
light the finder is worked gently over until the light is just 
disappearing again. The reading is now 2*39 degrees. Sub- 
tract from this the zero reading of '53 degree and we get the 
true torque, namely, 1'86 degrees. Now, to apply our shaft 
horsepower diagram (Plate XIX.) referred to in the earlier por- 
tion of this paper. Wq will suppose that the revolutions are 
475 per minute. The torque is 1*86 degrees, and finding the 
intersection of the lines on the diagram the power is seen to 
be 3,620. 

It is perhaps scarcely necessary to point out that the whole 
operation takes much less time than its description. Indeed, 
it is possible to produce the shaft horsepower on a trial trip 
immediately on the termination of each measured mile run, and 
to hand a slip to the officer in charge similar to that shown in 
the following table, containing all the information, in plenty 
of time for him to make any necessary adjustments before com- 
ing baok on the straight for the next mile. 



Flashlight Torsion-meteb Results. 

Engines, No. 1215. 
Vessel, H.M.S. ** Indispensable." Date, 31st November, 1907. 

Trial, Official Full Power. At Clyde. 



Shaft. 


Run. 


Steam 
at H.P. 
Recrr. 


Rers. per 

Minute. 


Beading. 


Degrees 
Torque. 


Shaft 
Horse 
Power. 


fWing 
Stard. J 

[ Centre 

r Centre 
Port A 

tWing 


IV. 


180 

lbs. D" 


710 
680 
687 
707 


5-90 
602 
4-64 
6-74 


1-26 
1-20 
1-21 
1-23 


8,300 
7,480 
7,620 
8,270 


Mean revo 


Lutions 




696 


TOTi 


LL 


31,570 



For reciprocating engines a simple modification of the flash- 
light torsion-meter enables the operator to take several read- 
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ings — usually twelve — in one revolution of the shaft. The disks 
are perforated with 12 slots arranged in the form of a spiral — 
one at each 30 degrees of the circumference (Plate XVIII.). 
The light and torque-finder must be moved radially from the 
shaft, so as to bring them into line with each corresponding pair 
of slots in the disks. By spotting the readings on a sheet of 
squared paper and sketching. in the curve (Plate XX., Fig. 1), 
we get an actual twisting moment diagram from which the mean 
torque is readily obtained. The mean torque with the revolu- 
tions is then referred to the power diagram and the shaft horse- 
power read ofE as before. 

This modification of the apparatus is only required in the 
case of shafting driven by reciprocating engines. In a recent 
vessel an interesting comparison in this connection was made 
(Plate XX., Fig. 2). A crank-etfort diagram was built up 
in the usual way from the indicator diagrams, due allowance 
l)€ing made for the effect of the inertia of the moving parts, and 
^he torsion-meter twisting moment diagram drawn down to the 
«ame scale. The latter curve corresponds closely with the crank- 
•^ffort diagram, but the variation from the mean is greater in 
the shaft torque diagram, due probably to the action of the pro- 
peller and the torsional oscillations thus set up. It will be 
oioticed that the dotted shaft diagram is consistently below the 
<jrank-effort diagram, the mean difference being about 10 per 
^ent. This difference corresponds almost exactly with the result 
obtained by steaming and indicating the engines disconnected 
ifrom the propeller in the wet basin before the underway trials, 
^Bfcnd forms a striking check and corroboration of the two curves. 

Cases sometimes occur, especially in modem warahips, where 
-Sk long length of shafting is not available for torsion-meter pur- 
l>ose8, and recourse must be had to a special form of apparatus. 
To meet this contingency, another modification of the flash- 
light torsion-meter is used, in which the beam of light, instead 
of flashing axially along the shaft, is made to flash radially 
i;hrough slots in concentric drums, and is caught by a torque- 
:finder at some distance from the shaft axis (Plate XXI.). 
The drums are fixed to the shaft only two or three feet apart, 
and the relative movement due to shaft torque is naturally very 
much less than that of the disks in the axial form of torsion- 
xaeter. A masked lamp is fitted inside the smaller drum next 
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the shaft, and so close to the drum that when the shutter opens 
the source of light is exactly at the shutter. The outer drum 
is made as large in diameter as can be conveniently arranged, 
the radial distance between the drums, as compared with the dis- 
tance of the torque finder from the source of lig'ht, giving by 
direct proportion the required multiplication of effect, and enab- 
ling the torque as before to be read off with extreme accuracy, 
considering the short length of shaft available. The light in 
this case is cut off by three knife edges — one at the lamp, one 
at the inner drum, and one at the outer drum, the eyepiece 
being fitted with a diaphragm pierced by a minute pin-hole in 
the centre. The extreme sensitiveness of the apparatus is almost 
incredible. The angle of the flashing beam proceeding radially 
from the shaft can be measured to ^inru of ^ degree, so that 
although only three feet of shafting may be available the result 
is as good as if a 30 feet length had been used with an axial-ray 
apparatus. 

Radial flash torsion-meters are not quite so simple in con- 
struction as the axial-flash type: but there are certain obvious 
advantages besides its applicability to a short length of shafting. 
For instance, the flash might be led vertically upwards through 
a tube in a deck immediately overhead and the readings taken 
at will in the seclusion that a cabin grants, instead of in the 
engine room or tunnel. 

In the practical application of the flashlight torsion-meter to 
various vessels fitte^l with steam turbine installations some very 
interesting results have been foithcoming, which are set out in 
tabular form in the table on page 165. Attention is specially 
dii^ected to the immense range of the apparatus. Some of the 
low powers recorded are less than half of 1 per cent, of the full 
power. If indicated horsepowers of such smaU amount were 
required to be taken from a piston engine, the indicator spring 
would have to be changed for a very weak one to get a reason- 
ably accurate card : but no such change is required in the 
apparatus we are considering. 

Then again the distribution of power in a turbine installa- 
tion can only be approximately estimated. The steam is turned 
into the high pressure turbine and left to follow its own devious 
course through the successive turbines on its way to the con- 
denser. At low powers it is sometimes found that the high 
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TURBINE STEAMER. 
FLASH-UCHT TORSION METER 

ACTUAL RCADMCS A CORRESPONDMC HORSE POWERS TAKEN DURMa 
"RIAL TRIPS UM)ER VMYMS CONOmONS OF DISPIACEMENT A PROPELLERS. 



TURBINE 


DECREES 


REVS 


SHAFT 


S.H.R 


SHAFT 


TORQUE 


PER M»L 


HORSE POMTER 


TOTAL. 


STARMMO L.R 


1 -48 


482* 9 


E775 




CENTRE H.P. 


1 ' 88 


481 • 2 


£600 


7975 


*»ORT L.P. 


137 


472 • 8 


260O 




^rrt^ikBOt^ L.R 


1 '82 


481 • 2 


2410 






1 86 


428 • 8 


2330 


6940 


fHHrr L.P. 


1 -24 


457 • 8 


2200 




STARBOARD L P 


1 -15 


428- 4 


1970 




CENTRE H P 


1 -62 


417^ 8 


208O 


5960 




1-18 


418- 9 


1910 




STARBOARD L.R 


1 09 


418- 4 


1765 




CENTRE H.P 


1 52 


422- 31 


2120 


5555 


PORT LP 


1 -02 


415- 5 


1670 




STARBQMtO L.P 


•21 


198 • 6 


162 




CENTRE H.R 


•27 


206 • 5 


165 


495 


PORT L.R 


•19 


183 • 9 


148 




STARBGARD L.R 


•22 


146. 7 


68 






•21 


1714 


67 


257 


PORT L.R 


•18 


144- 8 


62 




S1ARB0ARD L.R 


•07 


46- S 


15 




CENTRE H.R 


•05 


66* 1 


15 


372 


PORT L.P. 


•01 


24. 4. 


92 
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pressure turbine shows the most power, whilst for overloads 
the lower pre&sure turbines have the advanta^. In Plate XXII. 
the percentage distribution of power is shown by three 
sets of figures — for a three-shaft turbine installation, including 
high pressure and intermediate cruising turbines. Set A shows 
the estimrated or designed distribution, Set B the calculated 
distribution from the pressure gauge readings at the tertninals 
of each turbine, and Set C shows the actual distribution of power 
over the three shafts aa ascertained by flashlight torsion-meter 
readings. On the basis of heat units recorded the starboard 
propellers should be doing the most work ; but the torsion-meter 
shows the greater power in the port shaft. A clear case for 
investigation. 

Referring again to the table on page 165, it will be seen that 
the starboard low pressure turbine shows throughout the series 
more power than the port. Investigation showed that the blade 
tip clearances of the two turbines differed slightly, and a further 
comparison proved that the percentage difference of clearance 
was just sufficient to account for the differences of shaft horse- 
power recorded. 

In a recent progressive trial of a vessel fitted with triple 
expansion engines, flashlight torsion-meter readings were taken 
at varying speeds, as shown in Plate XXIII. Plotting these 
results in the manner before described, we notice an almost 
alarming fluctuation of torque as the power increases, and at one 
point, namely, where the intermediate crank is at right angles 
coming up, and the low pressure has just opened full to steam 
on the down stroke, the high pressure being just past cut-off, 
the propeller overruns the engine and the torque is negative. 

Other observations and comparisons might be made : but 
enough has been said to indicate the advantages and possibilities 
of shaft horsepower results, and we must conclude that which- 
ever type of torsion -meter comes into general use on the inexor- 
able principle of '* the survival of the fittest," the torsion-meter 
in some form or other has come to stay. 

A working model of a torsion-meter was exhibited by tlie 
writer of the paper, and was at the close examined by many of 
the members with much interest. 

The discussion was adjourned and the meeting dissolved. 
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PTOBTH-EAST COAST INSTITUTIOjS^ OF ENGINEERS 
AND SHIPBUILDERS. 



Twenty-fourth Session, 1907-1908. 



PROCEEDINGS. 



•HE FIFTH GENERAL MEETING OF THE SESSION WAS HELD IN 
THE LECTURE THEATRE OF THE LITERARY AND PHILO- 
SOPHICAL SOCIETY, WESTGATE ROAD, NEWCASTLE-UPON- 
TYNE, ON FRIDAY EVENING, FEBRUARY 2l8T, 1908. 



The Pbrsidbnt, W. H. DUGDALE, Esq., M.Inst.C.E., in the Chaib. 



The Secretary read the minutes of the previous meeting held 
n Newcastle on Friday, January 24th, which were confirmed by 
he members present, and signed by the President. 

The President appointed Mr. G. J. Carter and Mr. D. R. 
^acDonald to examine the voting papers for new members, and 
le following gentlemen were declared elected : — 

MEMBERS. 

Bayliss, Wilfrid, Engineer, 14, Wentworth Place, Newcaatle-upon-Tyne. 
Clegg, William George, Engineer, 13, Simonside Terrace, Heaton, Newcastle- 
upon-Tyne. 
Selby, Christopher H., Engineer, 26, Cobbam Road, WestclifE-on-Sea, Essex. 

ASSOCIATE. 
Oillie, John Wilson, Nautical Instrument Maker, New Quay, North Shields. 

GRADUATES. 

Mountney, Chas. F., Engineer Draughtsman, 7, Caroline Street, Jarrow-on- 

Tyne. 
Pellow, Ernest John, Engineer, 3, St. Bede's Terrace, Sunderland Road, 

€rateshead-on-Tyne. 
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THE IXSTITXTTIOX SCHOLARSHIP. 

The President said — Before commencing our ordinary busi- 
ness I would like to mention that the Council has decided to 
grant a scholarship to pupils or apprentices biennially to the 
extent of £50 per annum. The first examination will take place 
in the rooms of the Institution, on September 15th of this year, 
and will embrace the following subjects : — 

English : Grammar and composition. 

Arithmetic: Algebra, up to and including the Binomial 

Theorem. 
Geametry : The first six books of Euclid, or their equivalent. 
Trigonometry : Up to and including the solution of plane 

triangles. 

The rules and regulations have been already forwarded 
to the Graduate Section, because it is arranged that only 
those who are Graduates of the Institution are eligible to com- 
pete, but I mention this to-night to the members, so that thev 
may tell some of their younger friends to induce them to become 
Graduate members, and therefore bernme eligible for this 
scholarship. 



The reph' of Mr. H. E. .Tarvis to the disrussioii on his paper 
on '' Floating Docks " was postponed. 

The discussion on Mr. J. Hamilton Gibson's paper on 
" Torsion-Meters, as applied to the Measurement of the Horse- 
power of Marine Steam Turbines " was resumed. 

Mr. A. K. Loxc; submitted a paper on " Notes on the Form of 
High-speed Ships." 
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RESUMED DISCUSSIOX OlS^ MR. J. HAMILTON GIBSON'S 
PAPER ON "TORSIOX-METERS, AS APPLIED TO 
THE MEASUREMENT OF THE HORSEPOWER OF 
MARINE STEAM TURBINES." 

The President said — Professor Hopkinson wrote and said 
he would like to speak on the subject, but he is unable to come. 
However, Mr. Thring, who has been associated with him in the 
invention of a torsion-meter, will act in his plaee. 

Mr. Leonard G. P. Thring said — llie Hopkinson-Thring 
torsion-meter, in common with all other meters depending for 
their action on the elasticity of a shaft, is designed to make 
visible the relative angular displacement that occurs between 
two sections of a shaft when it is subjected- to torque. The 
authors have endeavoured to produce a reliable instrument which 
can be used on shorter lengths of shaft than have hitherto been 
required by this class of meter, in order to mate it available 
for use in situations where only a foot or two of shaft is avail- 
able for fixing an instrument. Such cases are of frequent occur- 
rence, especially in destroyers and other small vessels. Since 
the angle of shear measured at the surface of a shaft is only 
about vr,r,jTT when working under nonnal conditions at full load, 
it follows that the relative displacement of two points on the 
surface 12 inches apart will bcTj^SoOr '00(i inch, and an instru- 
ment for use on this length of shaft must be capable of accurately 
recording such a motion in a manner that can be easily observed. 
It will be seen that the first part of the problem to be solved 
consists in finding suitable means of recording the very small 
motion produced by the twist on a. sufficiently magnified scale, 
and the second, and equally important part, consists in ensuring 
that the record shall be a true one unaffected either by vibration, 
bending of the shaft, or by the alterations in length that occur 
owing to the thrust of the propeller, and changes of tempera- 
ture. The solution adopted by the authors, which represents 
in all essential features the meters now manufactured under their 
patent bv Messrs. Siemens Brothers, is illustrated in the accom- 
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panying diagrams. Fig. 1 shows the general arraagement of a 
meter mounted on a shaft. It consists of a sleeve, A, clamped 
to the shaft by the three radial screws, SiSi, and a collar, B, 
3imilarly clamped by the three screws, 8383. The collar, B, and 
the adjacent end of the sleeve, A, are each provided with deep 
flanges that serve to stiffen the instrument and to support a 
concave mirror, M, and a stop, 0, respectively, by means of 











-ICIL. 







which the relative angular motion of the two flanges is recorde 
The mirror is attached to a spindle mounted radially on 
flange, B, and is provided with a short arm ending in a harden^^ 
steel ball, which is kept in contact with the plane surface of iX^ 
stop, 0, by means of a spring. 

When the shaft is twisted, the flange A will rotate relative/j^ 
to the flange B by an amount proportional to the twist, causij 
the stop, 0, to move the ball and thus tilt the mirror. The angu- 
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lar movement of the mirror is shown by placing an incandescent 
lamp, L, opposite the instrument and allowing the vertical fila- 
ment of the lamp to be reflected by the mirror and focussed on a 
scale, SS. The beam of light reflected on the scale is deflected 
through twice the angle turned by the mirror and crosses the 
scale once in each revolution of the shaft, appearing as a bright 
vertical line. By adjusting the length of the mirror arm, any 
required degree of sensitiveness can be obtained. In practice it 
is found convenient to adjust the latter so that the beam of light 
reflected on the scale may turn through an angle 200 times as 
great as the angle of shear occurring in the material at the 
surface of the shaft. If the angle of shear is Wjru> corresponding 
to a maximum shearing stress of from 5,000 to 6,000 lbs. per 
square inch, then the angle turned through by the beam of light 
will be /frrnror 1-lOth. With the scale placed 50 inches from the 
mirror, this corresponds to a deflection of ^^ inches = 5 inches. 
The scale has 20 graduations per inch, giving 100 graduations 
in the above length. 

The width of the line of light seen crossing the scale is about 
zjf inch, so that its position can be easily noted with an error 
of less than half one division. This method of measuring the 
twist by means of a mirror and scale has the advantage of 
enabling every variation in the torque to be naeasured, and, since 
the torque is constantly varying through a range of several per 
cent, owing to torsional oscillations in the shaft, changes in the 
immersion of the propellers, and the like, the authors are of 
Opinion that a better mean reading c^n be arrived at by this 
method than by systems employing any form of searcher. Obser- 
vations obtained by the latter methods take account only of those 
X*evolution8 where the torque coincides with the position for 
v^hich the searcher is set, while momentary variations remain 
Xinrecorded. To secure that no other causes except the small 
Relative rotations of the sleeve and collar about the axis of the 
^iaft shall produce deflection of the miiTor, it is necessary to so 
Oouple the two parts together that any motions occurring between 
trliem may leave the direction of the centre line of the mirror 
^►rm unchanged. The method adopted for insuring this is shown 
ixi Figs. 3-5. Fig. 3 shows an end view of the collar clamped 
"to the shaft by three radial screws, S2S2. AA represent three 
"projections at the end of the sleeve, two of which engage with 
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the rounded points of two screws, Gfl-, passpig through the col- 
lar, the engagement heing definitely secured by means of the 
spring, E, which passes through the opposite side of the collar 
and presses against the third projection on the sleeve. T%e 
efiect of this coupling is to prevent any motion occuiring in its 
own plane between the sleeve and collar, except that due to 




rotation about the axis of the shaft. It will be seen that all 
other possible motions which may occur between the sleeve and 
coHar can be reduced into one of sliding: in the direction of the 
axis of the shaft, which always occurs when its temperature 
changes or the thrust of the propeller alters, and one of bending 
about an axis in the plane, GGH. 

By fixing the stop, 0, on the sleeve so that its surface is 
perpendicular to the plane, GGH, it is obvious that the sliding 



DISCUSSION — TOKSION-METERS. 



178 



merely causes the ball of the mirror to move over the surface 
^f the stop, 0, without giving the mirror any rotational motion 
about its axis. By selecting a suitable position along the axis 
of the shaft for the plane of the coupling, GGH, relative to the 
clamping planes, SjSi and S2S2, and the parallel plane passing 
through the axis of the mirror, it is possible to insure that the 
bending also, while it may cause motion to occur between the 
ball and the stop over the surface of the latter, shall not produce 
any rotation of the mirror about its axis. In the example illus- 
trated, the three planes, GGH, vSaSa, and that containing the 
axis of the mirror, coincide, which is the simplest but not the 
only arrangement that satisfies the required conditions. 





Fig. 6. 

In addition to the working mirror that registers the torque, 
Lxed mirror, F (Fig. 2), is provided clamped to the flange of 
sleeve. The latter gives a constant reading on the 
3, unaffected by torsion of the shaft, and is used to 
act errors that may occur through alterations in the relative 
* ^^ ^tions of the lamp, scale, and meter. Any displacement of 
^■- ^s kind will cause the readings from the fixed mirror and work- 
dS " mirror to alter by the same quantity, so that the scale can 
^ readjusted by moving it lengthways to its former position 

^^^^^osite the fixed mirror. It is convenient to adjust the latter 
^ '"tJiat the reflection from it coincides with that from the work- 
^^^^5* mirror in its zero position. 

The flexible steady pins, DD (Figs. 3 and 5), are for the pur- 
^^^e of holding the two parts of the instrument together in their 
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correct positions when the meter is being clamped on the shaft. 
The instrument is made in two halves so that this c-an easily be 
done, and the centreing is readily effected by means of the radial 
screws. 

Figs. 6 and 7 show one of three meters recently used on 
the 8-inch, shafts of a destroyer during her trials with satisfac- 
tory results. Twelve inches of shaft were available in this case, 
and these instruments are about 14^ inches long over all. At 
full power the deflection was about 70 scale divisions. The 
image vibrated over about four divisions in consequence of the 




Fig. 



changes of iorf|ue referred to above, but it was easy to estima. 
its mean position within one division. The zero of the instr 
nient remained constant, and there can be no doubt that t 
estimate of mean toniue was correct within 3 per cent. 




Mr. K. M. Spkakmax said —It is now some time since I he;^ 
about the fiash-li^lit meter Mr. Gibson has described in his pap^^^^^ 

and am glad to note the development that has taken place in tr 

same. The diagram he refers to on Plate XXIII. shows a series " " 
curves taken by the flash-light instrument, and these indicate* 
curious feature that is occasionally obtained from reciprocatiii— ^ 
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engines, and that is, negative torque. Whether this is a genuine 
phenomenon and the propeller is really dragging the engine 
round at a certain point in each revolution, it is very hard to say. 
Other investigators, such as Herr Frahm, of Hamburg, and Dr. 
Fottinger, of the Vulcan Company, have found the same thing 
when measuring German vessels with other types of meter. It 
seems to me that there is a possibility that the inaccurate 
measurement of the indicated horsepower may account for an in- 
accurate shape of curve at such points, and that the torsional 
oscillation of the shaft is not really sufficiently great to permit 
the propeller to advance in front of the engine. It is noticeable, 
however, that Mr. Gibson has found the same phenomenon as 
other investigators and it will be very interesting to have more 
information on this point. All the gentlemen who are making 
torsion-meters and reading papers about them, appear to accept 
this instrument as absolutely accurate. It seems rather a curious 
thing to me that nobody, except Dr. Fottinger, as far as I know, 
has tried one of these instruments against a water brake. It 
will be rather interesting to know how the results would com- 
pare, because the accuracy of torsion-meters deserves a good deal 
of attention. It may be that the indications of negative torque 
are due to inaccurate torsion-meter readings as much as to 
inaccurate indicator readings, though I think the balance is very 
considerably in favour of the accuracy of the torsion-meter. In 
any case one would only get this violent torsional oscillation in 
badly balanced engines. Diagrams have been taken on the 
Fottinger meter — as a matter of fact, they were taken on a size 
of paper composed of two indicator cards gummed together — 
during the progressive trials of the *' Kaiser Wilhelm II." At 
low powers the fluctuation in torque was very slight, but at high 
powers there was a distinct wave in the diagram, but in no case 
was there anything so marked as there is in Mr. Gibson's 
diagram, or in the case of the German cruiser " Hamburg," 
which he quotes as an example of the work of the Fottinger 
meter. Mr. Gibson hardly refers to the question in this paper, 
Viut it is similar in general lines to one that he read before the 
Institution of Naval Architects, when he spoke of propeller 
efficiency. The best way to obtain this is, of course, to deter- 
rnine brake horsepower and tank: horsepower, but to do so accur- 
ately is no easy matter. Although it is now possible to get 
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brake horsepower with a very small margin of error, the tank 
horsepower is not so easily obtained, so that the propeller 
effieiency remains as indeterminable as ever. On pa^ 153, 
Mr. Gibson says: "A turbine, nnlike reciprocating engines, 
passes almost as mnch steam when standing as when revolving 
at full speed." I do not think that is quite the case except 
when the shaft is prevented from revolving, which I suppose 
the writer of the paper understood. It should also be noted 
that the pressure plays an important part in. that, and Mr. 
Gibson's sentence in its present form might be misleading. On 
page 163, he remarks that the compressive stress is sometimes 
as large as 20 per cent, of the shear stress at the surface of the 
: shaft produced by torsional lowering. After getting this paper, 
I worked out some examples, and I seldom found more than 
13 per cent., so that I think that Mr. Gibson's is rather a high 
estimate. The probable explanation lies in the fact that Mr. 
Gibson has assumed a considerably higher propeller efficiency 
than I have taken. 

I beg to thank Mr. Gibson for his extremely interesting 
paper. 

Mr. Harold Thomson said — I have read, and I am sure we 
must all have read, this paper with a great deal of interest, 
because it gives us some definite information upon a subject 
which is of very great importance at the present time, seeingr 
that we are now introducing turbines very rapidly for th^^ 
propulsion of ships both in our navj^ and our merca.ntile marine _ 
We have had a good deal of information, both from Mr. Gibsons 
and Mr. Thring, and I am not able to add anything to tha^^ 
information, but in the few remarks I have to make I propose ten 
emulate Oliver Twist, and ask for more. Perhaps the autho:r= 
will excuse me if I say that some portions of the paper, especially — 
on page 152, do not appear to me to be so clear as tbey might bf=^ 
I do not quite follow the clause concerning revolutions, and w — 
appears to me to be somewhat ambiguous. My experience ^r-^ 
that shipowners do not care a button about revolutions; thef — 
principal care is coal consumption in relation to speed. It is o^c= 
the ground of decreased coal consumption that moa^t make:^ 
of feed heaters, etc., advocate their wares and not on the grouiE= 
of increased revolutions. In fact it is always a marvel to m 
when reading these advertisements, that there should be arr===^ 
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necessity for coal bunkers in a ship at all. I give our President 
this suggestion for what it is worth, that in the next economical 
coal carrier he builds, she should have so many of these coal- 
caving devices that she should positively coin coal and so be able 
to start from port with nothing at all and arrive at her destina- 
tion full of coal. That is the tendency, according to the adver- 
tisements. As Mr. Speakman has already said, I think the 
author's meaning regarding the steam consumption of the tur- 
bine when standing is not clear, and it might lead the lay reader 
to suppose that a turbine always used the same quantity of steam, 
whether standing or running fast or slow. I take it that Mr. 
Oibson means that if a turbine was prevented from rotating, 
and the full steam pressure put upon it, it would then pass the 
^ame quantity of steam as when running with the same initial 
pressure. 

Jdr. Gibson lays stress upon the extreme accuracy which is 

ziocessary if correct results are to be obtained from these torsion- 

iix^ters, and it is obvious that the whole method is dependent 

Ufxifxx an extremely careful calibration of the shafts. The ques- 

^^c>^n in my mind is whether the calibration of the shaft can be 

«^C543 ^xiate for any length of time. We know that a shaft in 

'^o^^^^'fcant use and subject to vibration for a long period seems to 

^b^^^^^^Q its molecular structure. This is shown by the crystal- 

^^^^^ fracture which is seen when the process is carried to an 

^"^^■=*-^:^^:rmal development. I take it that this change, or any 

^^^:a::m^^e of this nature, will afEect the modulus of rigidity of the 

^_ ^^^^~fc y and as it is a gradual and not a sudden process, I would 

^^^^ <lo ask Mr. Gibson at what intervals a shaft ought to be 

^^^^1 ibrated. If we take the case of a fast running vessel on a 

*~^^5' voyage, would the readings at the start and at the end be 

^^^"^^lly accurate? Mr. Gibson also tells us of the extreme 

-p;^^^^^^*-^«:^cy with which results can be read off the torsion-meters. 

^-^^ le tried two different makes of torsion-meter on the same 

^^"t; ? If so, were the resultfl identical and not merely approxi- 

^^^ly so? I would also like to ask him whether he has tested a 

"^^^^ ion-meter by a brake, to see how the shaft horsepower corres- 



^ "*^^^ with the brake horsepower. In his paper, read before the 
.^ ^^itiution of Naval Architects last year, Mr. Gibson explained 
•effects of varying thrust upon the torque obtained on a 



"~^^ft; in the data he has given us he does not tell us whether 
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he has mfide allowance for this Tarying thrust at different speeds. 
As regards the results given in the table on page 166, it is stated 
that they were obtained under yarying conditions of displace- 
ment and with various propellers. I would like to know where 
these varying conditions come in. The paper does not say 
what changes were made in the propeller, or which runs are 
made with the same propeller. What I would like to know is 
this : suppose we consider Ihe first item given, we see that tiie 
starboard shaft ran at 482*9 revolutions per minute, and gave 
a torque of 1'43 degrees -with a corresponding horsepower of 
2,773. Now, suppose this propeller is changed and a larger one 
fitted, with heavier pitch or surface, and that with the same 
steam pressure in the turbine the revolutions are reduced to 
450. In practice as oppQsed to theory, what is the effect on 
the shaft horsepower and the torque of the shaft, neglecting any 
small difference that there may be in the efficiency due to the 
altered revolutions? Does he find that practically the shaft 
horsepower remains constant, or, in other words, that within a 
moderate range the torque increases as ihe revolutions decrease? 
As regards the comparison which Mr. Gibson gives between shaft 
horsepower and indicated horsepower, I notice in the diagram 
that the ratio of these two quantities varies from 88*4 per cent, 
to 95 per cent, in this particular engine at various speeds. These 
figures are corroborated by those given by Mr. Denny before the 
Institution of Naval Architects, where, on the engine on which 
he experimented, the figures worked out at 94 per cent. I think 
it unlikely that these figures would cover all the different ratios 
that might be obtained from all classes of engine. For instance, 
in the case of vessels whose engines run at a very high speed, 
such as torpedo boats, it is no uncommon thing to obtain a high 
propulsive co-efficient which may be largely fictitious, due to the 
fact that the correct indicated horsepower is not being ascertained 
by the indicator. I should like to know whether Mr. Gibson has 
over come across a case where the shaft horsepower was actually 
in excess of the indicateil horsepower. 

I am sure we are all very pleased to have read this paper, and 
ill thanking the author I would express the hope that other 
members will follow Mr. Gibson's example in giving us special 
information which they may have at their disposal. The future 
of this Institution is entirely in our own hands, and if we wish 
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to maintain its position and status the way to do so is to come 
forward with papers like this so as to ensure that our 
Transactions shall be second to none of those of similar institu- 
tions in this country. 

Mr. James Thomson said — I have read the paper with great 
interest, but it is a subject that I have not had any practical 
experience of, although I have known for many years the great 
importance of it. I have only one criticism to make — a verbal 
one, namely, that the author uses the word ** torque '' in a wrong 
sense. He says, ** the amount of twist, or the torque, as we 
prefer to call it, is very small." Now, the word torque was 
introduced by my father in Glasgow University, to denote a 
system of forces which produces a twist and not the twist itself. 
I think it would be better to retain the word torque for the 
meaning originally proposed. 

The Secretary submitted the following communications 
which had been received on the subject : — 

Levex Ship Yard, Dumbarton, 

January 28th, 1908. 
Dear Mr. Duckitt, 

Referring to Mr. J. Hamilton Gibson's paper upon Torsion- 
meters, I have to thank him for the kindly reference he makes to 
the torsion-meter invented by myself and Mr. Johnson. It may 
l)e interesting for the members to know that this instrument has 
proved itself quite suitable in practical use. One crucial trial 
was in the ease of the ** Carmania ; " the instrument was left on 
board for the first two voyages and the after sector and magnet 
were more or less submerged in water almost the whole voyage, 
but continued to work perfectly well, as it was quite watertight. 
The great advantage that I claim lor this instrument is that the 
observations are made clear of the tunnel, the recording appar- 
atus being usually located in a quiet cabin where the observer is 
quite undisturbed by the noise and traffic in the tunnel. 

In this cabin is also fitted the time-recording instrument, to 
which I referred in my paper read before the Institution ni 
Xaval Architects, so that the observer has under his immediate 
observation not only the torsional measure of the shaft, but 
also the revolutions, and the time of entering and leaving the 
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measured distance. Mr. JohiLSon and I are gratified to know 
that our instrument has been adopted by our own and several 
foreign Governments, and has been proved by them in actual 
working. 

I wish to congratulate Mr. Gibson upon the extreme ingenuity 
of his instrument and the delicacy of his measurements, and 
agree with him that any of the well-constructed torsion-meters 
at present available, even those that are least accurate, are much 
more accurate than the steam indicators, upon which we have 
been accustomed to base our information. 

Mr. Edgecombe, of my firm, and myself have constructed a 
torsion-meter, using an independent side shaft geared to the 
shaft to be measured, by means of toothed wheels, somewhat on 
the lines of Mr. Collie's mechanical torsion-meter, but vso ar- 
ranged that the torsion is recorded by a moving pen upon a paper 
cylinder. This instrument has been used in a factory for ascer- 
taining the torque of a species of rolling mill. It only takes ten 
seconds for the material to pass through the mill, the time is 
therefore so short that it would be impossible to get any measure- 
ment of the power required otherwise than by torsion. This we 
have been successful in doing, and I enclose you two diag-rams 
showing the appearance of the records (Plates XXIY., XXY.), as 
also a photograph (Plate XXVI.) of the torsion-meter itself. 

After my paper had been read at the Institution of Xaval 
Architects in the spring of last year. Dr. Elgar received a com- 
munication from the Rov. F. J. Jervis Smith, Professor in 
Mechanics at Oxford ITniversity, who seemed surprised that I 
had not been aware of the work he had done upon the recording 
of torsion of shafts in the years 1894 to 1898, and which work 
had been recorded in the Tr<ins(icti()iii< of the Royal Society. Mr. 
Smith sent me his papers, from which I found that he had antici- 
pated my original plan of rubbing contacts and a telephone 
receiver, also Mr. Collie's separate shaft arrangement, and had 
also designed a veiy similar arrangement to Amsler's, of which I 
was not aware until I saw Mr. Gibson's paper. I have there- 
fore taken the liberty of sending Mr. Gibson's paper to Mr. 
Smitli, and suggested to him that it would be of value to your 
members if he would communicate with you as to the work he 

had (lone. 

Yours faithfully, 

A. Dexxa'. 
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Cammell, Laikd & Co., Limited, 
Birkenhead, 

February 12th, 1908. 
Dear Mr. Duckitt, 

I thank you for the copy of Mr. Gibson's paper on Torsion- 
meters and your invitation for some remarks on same. I have 
taken a keen interest in the problem of finding a satisfactory 
method of registering the amount of torque in running shafting, 
having tried mechanical, electrical, and light systems, and have^ 
come to the conclusion that as the movements are so small, and 
in most cases the length of shafting available is so short, that 
either of the two latter methods is the only way to give reliable^ 
xesults. 

The first instrument I designed was of the mechanical type 

»nd has been illustrated by Mr. Gibson (Plate XY.). This 

^tive some very interesting results showing the varying torque 

^t different periods of starting, stopping, and revei-sing, and 

^%^'as, I think, the first instrument to show exactly what stresses 

"^?^'ere taking place in turbine shafting during these periods. It 

^how^ed that the maximum torque was when the shaft was trans- 

:»mitting full power, and not during the periods of stopping and 

:»:^eversing. Owing to the necessary gearing required, it was 

'^:3iificult to ^^i steady readings ; there also appeared to be a con- 

^^iderable amount of torsional oscillation, probably due to pro- 

I^Deller action. It seems to me that, in taking readings, this 

^ii^scillation should be considered, and that it is necessary to either 

gl^ et a meter to give a continuous reading, or to be able to take the 

^=^:^iean of these oscillations, otherwise only the peaks are taken 

^=^nd consequently the results are too high. 

In my latest instrument, one form of which Mr. Gibson has 

^^^Iso illustrated (Fig. 1, Plate XYI.), I have also employed light, 

■^^ut unlike his, in that mine is a radial beam of continuous light, 

^^ he length of which varies with the torque. Two discs are 

^^^rought close together, and attached by sleeves to the points of 

^^ hafting to be measured. There are two radial slots in the 

^^iscs, which when there is no torque are blanked, but as soon as 

^^orque begins, and the discs move relatively to each other, the 

^ lots overlap ; a verj' small circumferential movement giving a 

X ong radial slot of light, which, owing to the speed of rotation, 

^s visible when a light is placed behind the discs. I thus get a 
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large multiplying" effect without any form of gearing. I do 
not think it is advisable to take less than 3 feet of shafting if 
accurate results are to be obtained, as it is very probable that the 
steel has not all the same degree of flexibility, and in short 
lengths the eiror due to uncertainty of knowing the exact point 
of attachment may be considerable. 

Hoping these few remarks may be of some interest, 
I remain. 

Yours faithfully, 

J. H. Collie. 

Leven Ship Yard, Dumbaeton, 

February 19th, 1908. 
Dear Mr. Duckitt, 

Mr. Gibson having kindly invited me to take part in tlc^^ 
discussion on his very interesting paper, I very much regret tbt^=^^ 
pressure of business prevents my being present in person, bu-t: ^ 
desire to avail myself of the privilege of sending a few writt-^^^^ 
remarks on same. I notice that in referring generally to torsic:^ "=^^' 
meters other than the flashlight, the author makes the followi :^==^^ 
statement, namely : ** Every link in the chain between the m^^^ ^^ 
shaft and the recording apparatus introduces a possible source ^^ 

error/' and that '' the multiplying gear involves a multiplicati ^t^)n 
of whatever error there might be." To at least one of the instiKi^ ^^' 
ments mentioned, nameh-, the Denny- Johnson torsiou-metr ^^^'- 
these remarks do not apply, for in it there are no intermedi ^ ^^^ 
links which can possibly cause errors, as the deflections are r»^*- *^ 
multiplied up at all but are simply transferred in their entir-^^^^ ^- 
from the noisy shaft tunnel in which they are obtained to £=» ^»^ j 
convenient cabin or saloon, where the}' are read off with a de^ ^*^ ^ 
of accuracy and comfort difficult to obtain in any shaft alley. 

With further reference to *' intermediate links," I mi^ 
point out that the " radial " flashlight torsion-meter for wh 
the author claims such extremely accurate results — even m 
accurate than with the ** axial " type, I believe — employs ^^ 
very multiplying links which he himself condemns. He stfm - 
olf with an actual deflection so small as to be scarcely meas '■^ 
able, and of which a very large portion might easily be due 
slip at the sleeve keyways and therefore is not torque at all, r»- ^ 
multiplies this up by means of a long beam of light proceed^* 
direct from the shaft and caught some fei^t away at the torq "■-^ 
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r. Now, if the shaft and that portion of the hull to which 
jrque-finder is attached chance to vibrate in unison, fairly 
ate results may be obtained, but as the period and direction 
>ration are almost certainly different, the multiplication of 

vibration by the long beam of light, and the vibration of 
edestal to which the torque-finder is fixed combine to form 
termediate link the effect of which on the accuracy of the 
ags may be very serious, and amply justify the author's con- 
ation of such contrivances. 

1 his remarks on electrical torsion-meters, the Denny- 
son being mentioned by him as a well-known example of 
class, the author states, " that there are more insidious 
8 of error which creep in," such as (1) variations due to 
ry resistance, (2) temperature effects, (3) dragging of the 
lutator sections and brush tips, (4) metallic dust or damp on 
ontact surfaces, and so on. These remarks may be very 
in such cases as they apply to, but surely the author is 
5 that the Denny-Johnson torsion-meter, which is electrical 
ud-out, does not suffer from any of these troubles. 
) We use no battery, so can have no error from this cause ; 
jmperature has no effect whatever on it ; (3) we employ 
&r commutator nor brushes, so can have no error from these 
s ; (4) any contact surfaces we have are not on or near the 
but in a recording box situated in some secluded place, and 
anged that metallic dust or water deliberately emptied over 
Id not possibly affect the accuracy of the results obtained or 
y way affect the working of the apparatus. In this con- 
)n I may state that the Denny- Johnson torsion-meters, 
I were fitted on the " Carmauia '' during her first voyage 
i the Atlantic, were frequently working under some inches 
ye water and the results were in no way affected. 

regard to the flashlight forms of torsion-meters, I notice 
he author makes reference to the fact that light rays travel 
golutely sti-aight lines through air of even density. It is 
st unsafe to reckon on air of even density in a shaft alley, 
t there must always be streams of hot and cold air in such 
30, which are apt t^ cause trouble by bending the rays of 
The magnification of any slight distortion is so enor- 
— owing to the great length of the beam — that the errors 
3uch causes may be very serious indeed. 

)L. XX1V.-1908. ^^ 
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My experience, now extending* over a good many years, of the 
difficulties of dealing witii mag'nification and recording of very 
small deflections on board a vibrating ship, leads me to suspect 
that Mr. Gibson is perhaps rather too sanguine with reference 
to the particular method he at present favours, and which has yet 
to stand the test of all sorts of ship conditions. 

Yours faithfully, 

Charles H. Johnson. 

Chadburn's (Ship) Telegraph Company, Limited, 

Telegraph Works, Cyprus Road, 

BooTLE, Lancashire, 

February 2(Hh, 1908. 
Dear Mr. Duckitt, 

I beg to thank you for your letter of the 19th inst., enclosing 
particulars of the next General Meeting. I regret extremely 
that a business engagement elsewhere prevents my attendance 
at this interesting discussion, and particularly as 1 have on 
several occasions seen Mr. Gibson's torsion-meter in actual use. 
I also was connected with the experiment on Mr. Collie's 
mechanical torsion-meter, which was first tried on a small vessel 
on the Clyde. At first we were very hopeful as to the prospects 
of this instrument, but it was subsequently found that the 
amount of running gear, and the high rate of revolutions of the 
counter shafts (almost three times that of the main shaft) 
required too much attention for practical use, pai'ticularly as it 
is impossible to arrange a satisfactory disconnecting gear which 
would throw the two sprocket wheels in and out of gear at pre- 
cisely thp same instant. 

The simplicity of Mr. Gibson's apparatus is one of its great 
advantages, T think, and although I confess to having been a 
little doubtful of its accuracy at first, I was subsequently con- 
vinced by the fact that three different and independent observers 
all got the same readings to within one-hundredth of a degree. 
The actual point of eclipse of the flash is apparently very 
definite, as one is distincily conscious of the faintest flickering 
glimmer of light when the finder is moved a minute distance 
back into the arc in which the ray is visible. This is true dur- 
ing a large range of speed, as the brighhiess of the light ray 
appears greater at low speeds, although one is receiving a fewer 
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number of impressioas on tlie retina per second. It is for this 
reason that I believe the radial form of the apparatus may prove 
successful, although so far it has not been actually properly 
tried. Its form would prove a great convenience where there is 
little room available. 

Yours faithfully, 

A. J. Grant. 

The discussion was adjourned. 
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6t a. £. LONG, M.A., Member. 



[Read in Newcastle- upon-Ttne on Fbbbuabt 21st, 1908.] 



TTie following notes upon some of the different forms which 
^^-jr be used for high-speed ships are mainly intended to pro- 
iot;e discussion upon a subject which is of interest to all 
^isigTi^rs, even if they have not had the good or evil fortune 
X>^ engaged in the design of such vessels themselves. In 
i^ connection it is also well to remember that the freak of 
-cl^y may perhaps be the orthodox vessel of to-morrow. As the 
V>3-eK3t in its entirety is much too large for a single paper, it 
11 l>e well to commence by stating the limitations to the scope 
^liese notes. The length and displacement are supposed to 
* sfc^lxeady determined upon; also in a general way the curve 
s^otional areas ; our enquiry is therefore limited to the study 
"tli^o form into which the leading elements already fixed can be 
^^- *' High speed " is taken afi high relative to the length of the 
^sel, not merely absolute speed; thus from this point of 
^^^^^^ a " Mauretania " is a slow vessel, and vessels of less than 
^^^ her speed are very fast. The lower limit of speed fixed 
t^^xx is 2>/L, and even this is much too low to bring out the true 
^'^■^"^tcteristics of some of the types. Elementary straight line 
S'Vix'es of fixed length and displacement are herein used for a 
'^^^^parison of type, because the types are clearly differentiated, 
■"^^ overlapping is avoided. 

In actual practice it is sometimes diflScult to classify a ship 
^ ^^longing definitely to one tyi)e, as vessels are in nearly all 
'^^^s — except perhaps racing motor boats — a compromise between 
^^^d and other necessary requirements. The vessel as built is 
. ^^ly the designer's ideal of a speed form pure and simple, and 
^^ many cases far from it. Sometimes we meet with a vessel 
^^ose designer has obviously set out with very definite ideas as 
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to type, but in the course of his labours his heart has failed him, 
and relicts of older ideas appear which are incongruous with the 
ideal, and really detrimental to it. 

In some of the compromises of type which are frequently 
met with, the designer has annexed much more of the defects 
of the two types that he has amalgamated than their virtues. 
A secondary advantage of these simple figures is that we can 
deal with the forms in the abstract, without any troublesome 
enquiries as to whether this is, or is not, someone's favourite 
design disguised. 

The five forms chosen, A, B, C, D, E, are shown in Figs. 
1, 2, 3, 4, 5 (Plate XXVII.), and their leading elements are given 
in the Appendix. For simplicity the forms are shown in quasi- 
perspective, and the part above water omitted. 

Type A. — This comes first on our list for many reasons, 
amongst others that it is practically the only type in use for 
vessels of less speed than our limit, and is the only one recog- 
nised by many people as a speed form at all. Another claim 
is its great antiquity, as we see it in the beautiful form pf the 
Viking ships dug up in recent times. Its intrinsic merits are 
also great, and it is much to be regretted that for the very high 
speeds with which we are dealing it is practically impossible to 
use it. The merits of the form, besides the value of the great 
experience which we have had of its use, are fairly obvious. 
First, it is a very easy seaboat, on account of the well balanced 
wedges of immersion and emersion, both in a longitudinal and 
a transverse direction. Secondly, the transverse sections being 
deep at the ends, and in practice geneiuUy sharp, there is an 
absence of the violent thumping shocks which occur under 
certain circumstances in some of the other fonns. Thirdly, the 
wetted surface is small. 

The defects are : Firstly, the longitudinal and transverse 
stability are relatively small ; secondly, the change of trim when 
driven at speeds much beyond that economical for the length 
is so excessive iis U> be prohibitive. This chaiijjrc of trim, more- 
over, is more nearly what is ordinarily known a*; such, namely, 
an aetual depression ot the stem and elevation of the bow, than 
what occurs in some of the other types where the change of trim 
relative to the horizon is very largely a lifting of the fore body 
and a reduction in the total displacement. In small vessels 
which are not intended to be always run at the maximum speed 
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it may be possible to correct this defect by fitting a movable 
fin at eacb side of the after end, set at a slight angle to the 
horizontal; so as to act as a hydroplane. These fins might 
either be arranged to hinge up against the side when not in use, 
or could be fitted to slide in and out after the manner of a sailing 
vessers centreboard. Some Canadian steam yachts ai'e fitted 
with contrivances of this nature, known as squatboards, but they 
are placed horizontally and are fixtures. The effect is said to be 
veiy marked, but from a seagoing point of view such a structure, 
if fixed, could have no advantage over an ordinary flat form of 
huU. 

Type B. — In this type, which is practically that of all 
modern torpedo boats, destroyers, etc., we have the same fore 
body as in A, but a horizontal wedge is substituted for the 
ori^nal vertical one for the after body. The area of the water 
line is increased 50 per cent, and there is a corresponding in- 
crease in the stability, both longitudinal and transverse. The 
wetted surface is 13 per cent, greater, but at high speeds it is 
j>robable that this is not really the case, owing to the vertical 
lift of the ship; the wave making aft is also so flat that there 
is less increase of surface there in contact with the water than in 
-A under similar conditions. 

The advantages are : Firstly, the great increase in longitudinal 
^nd transverse stability, the latter being in small single-screw 
^Vessels a matter of vital importance owing to the great torque 
of the propeller. Secondly, great reduction in the change of 
t^ xim, and the fact that it is more due to a lift of the whole body 
t; ian to a tipping action as in A. Thirdly, the angle of delivery 
is much reduced with the same volume of after body. Fourthly, 
%}ie area available for accommodation is greater, and aft is of a 
ixiore suitable shape for arrangement than in A. 

The defects are : Firstly, the wedges of immersion and emer- 
2^ ion are badly balanced, and the necessary result is a somewhat 
Xineasy twisting motion in a seaway. Secondly, the flat form of 
tilie after-body is subject to more or less violent slamming in 
^ough weather; in the extreme case where the sections are abso- 
l^itely flat this may cause serious results, unless the structure is 
abnormally heavy. Thirdly, variations in draught may causi> 
oonsidentble differences in the resistance, apart from the actual 
addition or reduction of displacement, as this form of after body 
is really designed for one draught only. 
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Typf C — We now come to a type whicli seeminglj violates 
sill experience acquired in the past, and to most people appears 
to be quite new; indeed, in a pajxr read before the Institution 
of Naval Architects so 190(1, it is f hourly stated to l>e so, A little 
investigation of the work of the older writerB on naval architec- 
tui^ shows that there is really nothing new in this form; it 
probably origirtated in prehistorir times from the skimming 
stone with which we have all been acquainted from our earliest 
youth. Chapman devotes part of a chapter to a discussion of 
the merits of two forms which ai^ our A and C, and €ome8 to 
the conclusioD that C is excellent for smooth water speed, but 
impracticable for seagoing purposes; bis summary is given in 
the appendix. More than half a century later, Lord R. 
Montague, in a very interesting little treatise on naval architec- 
ture, follows on Chapmau'§ lines and comes to very much the 
same conclusions. 

To yacht designeis the foim is well known, but with them 
its speed virtues are quite masked by the facilities which it 
presents for evading a length on the water-line measurement. 
The form itself has great merits, also great defects, and is pro- 
bably one of the most intereBting forms in aetiml use. fhu 
advantages are: First, maximum stability, both in a transverse 
and longitudinal diiT.etiom This merit, of course, appealed to 
Chapman even more than it does to us. Secondly, very fine 
angle for both entrance and delivery. Thirdly, maximum room 
on the lower deck, and of a shape well adapted for arrangement 
of cabins, etc. 

The disiul vantages are ; Firstly, great change of apparent trim \ 
but this is quite diflterent from the case of A, as it is chiefly 
a bodily lift of the vessel « not merely a tipping about the centi^ 
as in ordinary' ships. Secondly, the slamming action in a sea^ 
way at both ends may be very violent, and a vessel of this type 
will require to have scantlings much in excess of those calcu- 
lated in the usual way. Thirdly, the wetted surface, as will 
be seen in the table, is 26 per cent, larger than that of A, but 
this is really of little importance for high speeds, as, owing to 
the bodily lift,, the surface is actually considerably less than that 
given for the still-water condition. As regards the angles given, 
there is also in actual work a great diflference from the ** at 
w^st ** condition ; forward the angle will be greater, but a very 
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larg« portion of the body tkere is above water; aft the surface 
of the bottom will be nearly or quite horizontal, giving practic- 
ally no angle, merely frictional resistance. 

Some years ago, Mr. Yarrow made a series of very interesting 
experiments on full-sized models for international cup racers, 
and some of these results are available for the general good. 
Mr. Yarrow's cod elusion seems to have been that type C was the 
best, but he modified it by cutting off the corners of the fore end, 
giving a somewhat uncouth resemblance to the bow of an 
ordinary vessel. Looking at the lines of this vessel as given in 
Mr. Smith's paper, read before the Institution of Naval Architects 
in 1906, and numerous photographs of her when nmning at full 
speed, some curious questions arise which are worth careful con- 
sideration. Roughly, about two-thirds of the forward wedge is 
in the air, where it is of no further use for speed, and, in fact, is 
detrimental, as it presents a large area for wind and waves to 
»ct upon. Mr. Yarrow has cut away about one quarter of this ; 
cjuery, could he not have cut away a good deal more and utilized 
^he length saved for elongating the after body, as the total 
Jength was limited to forty feet ? 

Mr. Yarrow's experiments, and the actual performance of 

~the vessel in a very moderate seaway, completely bear out 

Chapman's conclusions come to more than a century before, 

^o that we have here another proof, if one were needed, of the 

^pre^t grasp of his subject which Chapman possessed. 

Type D. — ^We have here another curious form which at first 
^^ig-ht appears to be of very recent invention, but, as in the case 
^^f C, the origin is probably old. An instance of it in a fairly 
:^Dronounced form is seen in the North-East Coast coble. Yachts- 
^^aien have also been familiar with it for many years in the well 
l^nown " raking midship section ; " in fact this is the raking 
^^ection carried to its logical conclusion. In this type in the 
^ri^ble the breadth has been increased, also the draught at centre, 
^^5 if the breadth had been retained the draught required would 
l::i.ave been too great. As shown in the table, the co-efficients also 
^3iffer, the block being less and the prismatic more. The cuive 
^r^f sectional areas is a common parabola, being thus rather fuller 
't: Ian is generally found in ordinary forms. In practice, the curve 
"^?^ould probably be rather finer at the ends, as the fore foot would 
V>e somewhat rounded off and the keel line right-aft slightly 



nt 



NOTES ON THE FOEM OF HtrTn-SPEKD SHIPS. 



hollowed, coupled with a possible rouading off erf the cornere of 
the waterliiie. As this type is really a further development of 
B, ita merits and defects ai-e mueh the same in character » but 
accentuated. As to uccommodation, the fore end ie too fine to 
be of much use, ajid the after end incMnvenieat in shape. Tlie 
wetted surface h not quite m large as that of C, but wheu ruu- 
uiujyr at high speeds it is probably larger as this* is a type not 
intended to lift much forward. The transverse and longitudinal 
stability ai« not satisfactory consideriD;^ the large increase of 
breadth. 

In a seaway such a vessel would almost certainly be very wet 
and uncomfortable, and in some coiulitions dani^erous. The case 
of the coble, however, sliows that, mndtfted, a good sea boat may 
result^ at least in smaJl .sizes ; whether ti large coble would be a 
desirable vassal is open to question. The great difficulty in 
docking a large craft having such a profile^ uiiless she had con- 
siderable additions in the way of deadwood, etc, is obvious. 
The French motor boats of this type seem to behave fairly well 
in the rather mild type of et^i in which they have recently been 
tried, being superior to the rival type V in this respect. 

Type i?.— ITiis is one of the forms of hydroplane which has 
been so much before the public in the last few years. Curiously 
enough the sketrh would do equally well as representing some 
of the most reeeat designs published, or the model submitted to 
the Admiralty neaj*Iy fort>' years ago by the ttev, C. M. Ramos, 
so that there de>es not seem to have been much progress made in 
this direction as far as form goes. The power to drive it is, of 
course, another question. The late Mr. W* Froude^s report 
upon the trials of this, and a revised model of his own, and the 
articles ivhich were written on the subject in Naval Smenee and 
The Annual of the School of Naval Architccturt^ afford very 
interestiog reading. They are wholly condemnatory, but the 
ide^i still lives on, so that pc^rhaps the reverend gentleman was 
nearer to the mark than his critics imagined. Some extracts 
from these papei^ are given in the Appendix. 

It is very difficult to compare this form with the othar 
four, as they are more or less accomplished facts, whereas this 
is still in a very nebulous state* Startling stories are abroad as 
to what cau be done with one of these craft, of amazingly small 
dimensions, but there is a painful nhsence nf reliable facts and 
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figures. The first thing that will strike anyone looking at the 
published drawings is that even if a great bodily lift took place, 
there would still be a very serious eddy making behind the 
ends of the planes. Possibly this can be got over in time, but 
at present it seems to be a grave defect. As a seaboat there does 
not appear to be much hope of improvement. Mr. Froude gave 
a startling description of what would happen to a semi-flying 
Atlantic liner amongst waves. Some mechanical genius may 
come forward who can deal with the shocks to the structure from 
such usage, without taking excessive weight: and it must be 
remembered that light weight for the dimensions is an essential 
feature of the problem. I have not had the pleasure of 
nm.king this gentleman's acquaintance, but if I do so during the 
discussion, my trouble in writing this paper will be amply 
repaid. 

In concluding this part of the subject, the relative value of 
the five forms for very high speeds, so far as they have yet been 
tried, may be briefly noted. A may be summarily struck out 
both on theoretical and practical grounds. B is the form in 
general use for torpedo boat destroyers, torpedo boats, and many 
small craft in which high speed is not the only object sought; 
it is, in fact, the only one of the five which as yet meets the usual 
requirements, and has been thoroughly tested practically. C 
and D are the rival forms for motor boats ; which may be taken 
as possible models for the ships of the future, when we can get 
the power to drive them. In practice, D seems to have rather 
the advantage over C inWdinary working conditions of weather. 
Tender what may be called tank conditions their respective 
merits are still vei-y doubtful. E is not yet in a sufficiently 
practicable condition to judge of its ultimate success or 
failure. 

In all the forms dealt with, when driven at very high speeds, 
some curious phenomena occur. We see a vessel in a position 
not momentary, but for hours together, where the centre of 
gravity is many feet ahead of her nominal centre of buoyancy, 
and if of one of the flat-tailed types, she has also considerably 
less displacement than her total weight. In the case of E, and 
also, though in a less degree, of C, this latter feature is inten- 
tional, and we are met with the difficult problem as to whether 
it is better to use a considerable part of our available power in 
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lifting the vessel, or to use it for driTinsf througrh the water in 
tho ordinary maanor as aimed at in D. Thai we (muuot get 
tihe lift without expenditure of power i,s fairly obvious, If 
the lift causes a considerable i-hange of trim, there must ako 
be a t^or responding loss in power, owing to the angle of the 
shaft with the hori&sontal being increji^ed, and as the shafts 
aU, or nearly all, high-speed vessels are already at a considerable 
angle, this loss alone may be seriouB. In E there is supposed to 
he no change of trim ; in fact, this is one of the chief objects of 
using two or more inclined planes, hut this advantage involves 
serious disnd vantages, at least in the crude shapes which have 
yet been tried. Whether or no this form c^an ever come into 
even limited use is still verj^ doubtful. 

FoBM OF THE Midship Section. 

As the shape of the midship secrtion generally governs the 
form of the other j»ectiona for a couBiderable portion of the 
vessoFs length, the cHmsideration of it is important, and the 
following notes may be useful for discussion. In the previous 
jmrt of this paper the mid section was taken aa being in all cases 
a leetangk', whei*eas there is really a very large number of 
suitable forms to select fiom^ particularly if the dimensions 
may be varied while keeping the given area. Even with the 
riR^tangle itself the wetted perimeter may be greatly altered by 
varying the ratio of bre^idth to depth. Fig. 6 (Plate XXVIIL) 
illustnvtes this. ITic areas of tiie sections are all alike, but the 
perimeter changes fnjm 13 feet at one end to 8 feet at the other, 
the curve shows the wetted perimeter to a scale half that of 
the sections themselves. From the surface point of view the very 
shallow section is considerably better than the very deep one, but 
ihi* miuimum is found in a moderate proportion. If, however, we 
also consider the wave making resistance, we know from Kbta's 
and other experiments that within the limits of the experiments 
the deeper sertions yield less resistance, so much so m to over- 
balance the gr^iter frictional re^istanc^; this difference will 
naiuruUy iujci^ase as we increase the speed, but there will pos- 
sibly I'ume a sp4H:*d when* the i>haIlow section will, owing to its 
skimming actiout give a less i^sistanoe than the deep. 

Fig, 7 (Plate iXVIII.) shows some of the forms which have 
been adopted, or proposed, aU being of the same areu. Section F 
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does not seem to have any advantages to compensate for its 
large relative girth, unless there are reasons for strictly limiting 
the dimensions ; when something approaching a rectangle may 
allow ufl to use a curve of sectional areas which would otherwise 
be impossible. G is merely the ultimate development of the 
risin^g floor which has been a favourite feature in design in 
many countries and many ages. It has considerably less girth 
than the rectangle, but is not an economical section from the 
surface point of view. It involves large dimensions and in 
many cases an undesirable draught. In America this is a 
favourite type, as will be found by a study of the many pub- 
lished designs, but the reason for the preference is not very 
dear. The resulting water, ribbon and buttock lines me very 
clean, easy curves, and the vertical sections of the vessel forward 
being sharp, there is not so much hammering in a seaway as 
in the flatter-bottomed types. H is a true semi-ellipse, which 
haa the great advantage of having a small girth for the given 
area, and compact dimensions, and it lends itself very well to 
development into any of our forms A, B, C, etc. For example, 
in a form of D type, by using the elliptical sections we can 
gradually merge from a vertical line forward to a horizontal 
line right aft without abrupt changes in the horizontal lines. 
An objection which may be made to the true semi-ellipse is that 
to many people's eyes it is too lean under the bilge, and too full 
about the centre line. Perhaps for this reason the true curve is 
not often met with ; a veiy good example of its use will, however, 
be found in the launch ** Lotus," the lines of which appear in the 
Yachtsman of December 19th, 1907. K is a modified section 
which gets over this objection, but the girth has to be made 
somewhat greater. The section sjiown is constructed by des- 
cribing a circular arc with a radius of one-quarter the breadth of 
the vessel for the bilge, and striking a tangent in from this to 
the centre line to enclose the required area. It is not suggested that 
this construction has any particulai* merits ; it is merely given 
as fairly representing many sections in general use. J, called 
in America the sharpie or dory type, has been introduced here, 
as it crops up from time to time as having some more or less 
occult virtues. It yields a moderately small girth, and lends 
itself fairly well for use in all the forms. 
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L is a very interesting section, patented by the great French 
designer, the . late M. Normand, from whose specification it 
will be seen that the object sought is twofold — a reduction of 
breadth for the same metacentric height, and a lowering of 
the machinery — eingle screw — so as to get the shaft horizontal. 
The girth is large, but as the lower part of the section is merely 
a sort of crank-pit not more than half the vessers length, the 
end sections are relatively more cut away than in the other 
types. A somewhat similar section is found in the very curious 
design " Napier," given in Mr. J. A. Smith's paper read before 
the Institution of Naval Architects in 1906. In this an attempt 
seems to have been made to combine type A with a flat stem. 
The main body of the vessel is a pure type A with very fine 
water lines, the length being about three-fourths of the total. 
On the after part of this is superimposed a flat bottomed body 
of very little depth which projects far enough ait to make up 
the total length, 40 feet. The vessel does not seem to have 
been very successful, but this may be due to other causes than 
the peculiar form of hull. M is formed of two semi-parabolas 
base to base. Yery much the same remarks apply to this as 
to the semi-ellipse. The curve is a pleasing one, and well 
adapted for use with such of our types as have deep forebodies. 
Sections G, H, and M, have the common disadvantage in that 
they are rather cramped for room in way of the wing shafts 
in multiple screw vessels, and the shafts may be an inconvenient 
length out board. A good deal niiprlit bt; written about the 
relative strength of these forms of midship section, but we have 
here dealt with them from a speed point only. Figs. 8 and 9 
(Plate XXIX.) are given to sliow how, with a fixed length, dis- 
placement, curve of sectional areas and form of load water line, 
we may greatly vary the cross sectional shape. Fig. 8 is of the 
triangular section form known in America as the Dolphin type. 
Fig. 9 has true semi-elliptical sections all fore and aft. 

The sections like those given which are mechanically con- 
structed, such as the rectangle, triangle ellipse, parabola, etc., 
are not suggested as necessarily superior to curves drawn in the 
usual way to suit the eye, but then^ is some advantage in using 
a constant type of curve right tore and aft, as it insures an 
amount of haimony between the sections which is not always 
found in forms constructed without it, even with good curves 
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of sectional areas. Abrupt changes in sectional shape are 
common features in poor designs and should be avoided where 
possible. 

In conclusion, the writer wishes again to state that these 
notes upon the forms possible for high-speed vessels have been 
mainly written to promote discussion upon a subject which has 
not previously been before the Institution. The forms shown 
are at present of very limited application, such as to torpedo 
craft and racing motor boats, but unless the dimensions of 
ships can keep pace with the increased demand for speed, some 
such forms as these must ultimately be adopted instead of our 
present big ship type. Possibly in the course of the discuflsion 
our attention may be drawn to some form which is superior to 
any of those shown, and if that is so, then the writer will have 
done the Institution a good service. 

TABLE OF ELEMENTS. 





A 


B 





D 


E 


Length on water-line 


6000 


50 00 


5000 


5000 


60 00 


Breath moulded 


5 00 


5-00 


5^00 


6-00 


5-00 


Draught at centre of length 


1-20 


1-20 


120 


150 


1-20 


Draught, maximum 


1-20 


1-20 


1-20 


3-00 


120 


Displacement in cubic feet 


150 


150 


150 


150 


150 


Centre of buoyancy below water- 


0-60 


0-50 


040 


075 


0-40 


line 












. Transverse metacentre above 


0-87 


217 


346 


150 


3-46 


1 centre of buoyancy B.M. 












1 Longitudinal metacentre above 


87 15 


178-68 


347-22 


14054 


347-22 


centre of buoyancy L. M. 
Area of water-lme 












125 00 


187-50 


250-00 


150-00 


250-00 


Area of wetted surface - sides 


120-57 


90-28 


6000 


150-26 


72 00 


Area of wetted surface — bottom . . 


125-00 


187-60 


250-20 


150-26 


250-20 


Area of wetted surface— total ... 


245-57 


277-88 


310-20 


300-52 


322-20 


Area of wetted midship section 


6-00 


6-00 


6 00 


4-50 





Angle of entrance 


irso 


11° 30' 


2° 45 


6° 52 


2^45' 


' Angle of delivery 

Excess area of wetted surface 


ir 30 


2° 45 


2^45' 


3° 26' 


2° 55' 





13% 


26% 


22% 


31 % 


over A 












Block coefficient, using depth at 


•500 


-500 


•500 


-333 


— 


centre 












r*rismatic coefficient 


•500 


•500 


•500 


-666 





Breadth to give the same BM 
asB 


6-78 


5 00 


4-27 


6-78 


427 
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APPENDIX. 

Type C. — The whole of eliapter vi., paragraph 24, of the 
Treatise on the Construction of Vessels, of Cliapman, ifl devoted 
to a consideration of the relative merits of two possible forms for 
speed ; these are practically our A and C, except that the mid- 
ship section of the first is before the centre of length. The 
following is from the French translation by Clairbois, 1781 
(Fig. 30 is our C): — 

** La forme de la figure 30 serait bonne par rapport k la direction de Teau, 
et au plein de la flottaison dans la navigation an plus pr^s, s'il etait possible que U 
mer fdt tranquille. Mais comme un vaisseau ne pent, sans vent, aller de I'avant 
au moyen des voiles, et que le vent fait dlever la lame donnant k un vaisseau une 
proue d*une telle forme, il ^prouverait, dans la route au plus pr^, un choc trop 
considerable de la part des vagues, ce choc se trouvant dans une opposition directe 
avec la proue. La vitesse en serait fort retard^e ; c'est pourquoi, au lieu de 
donner k la partie de I'avant du plan de flottaison la 6gure d'un rectangle il faut 
qu'elle soit arrondie ou un pen en pointe. Cela diminuera bien quelque chose da 
moment de stabilit<^, mais I'effet des vagues en sera consid^rablement moindre. 
Quant k la partie d'arri^re, il n'y aurait pas de difficulte k lui donner une figure 
rectangulaire, relativement k I'effet des vagues ; mais par les raisons qu*on a 
vues dans le paragraph 12,. il convient d'y faire quelque changement." 

As Lord Robert Montague's Naval Architecture (1852) is not 
YO'vy pi^nerally known, and has been long out of print, the 
following notes may be of interest. The main object of the 
book is to advocate the use of normal or, as he calls them, 
*' dividing lines," for designing purposes, instead of the system 
of water lines tlien generally in us(\ The method adopted was 
to design a main dividing line in the half breadth and sheer 
plans, and project it on to the body plan: the sections were then, 
drawn so as to cut this line at right angles: other dividing line« 
followed, and then the ordinary- water lines, buttocks, etc., were* 
used for fairing purposes only. A good deal of the book is^ 
devoted to the consideration of ri^^istanct', and draws largel^^ 
upon Chapman, although having a great deal of original idea!=- 
of the author's own. The whole hook is so full of methods 00" 
thought quite contrary to the then accepted theories, that it: 
is a pity it is not better known. 

Tjii^f- />. -In ISdO the late Mr. Maudsley read a paper before?* 
the Institute of Naval Architects, advocating a rake of midshi^^^ 
sivtion of from M) to -V^ degrees. Lat^M on, in 1S75, this fom^ 
exaggerated was patented, and a paper i-ead upon it at th*^* 
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lie of Naval Architects. The lines of a yacht by the 

ee will also be found in the Hunt's Yachting Magazine 

1876. 

curious application of the raking midship section, which 

Bally amounts to our form I), is to be found illustrated in 

Science, 1875, in an article upon the exhibits at the 
a Exhibition, 1878. In this design for a merchant steamer 

de Carvalho, the vertical sections right forward are rect- 
; with the lower corner rounded off. These sections are 
larrow, giving fine forward water lines. Going aft, there 
apidly increasing rise of floor, which in connection with 
•eatest breadth being carried very far aft, gives very flat 
;k lines and rounde<l water lines. As the usual straight 
brm aft is largely made up of mere dead wood, we have 
ype D in almost its entirety. Vessels appear to have been 
from this design, but I have not found any paHiculars of 
[)erformance. Many yeai-s ago I came across a surprisingly 
ittle model yacht which was an even more pronounced 
>le, as the buttock lines ran in nearly straight lines from 
id of the counter down to the forefoot. The boat was 
lingly fast when fairly upright, but was very wild on her 
when much pressed, as might be expected from the nature 
) inclined wedges. The model was then an old one, and 
bly dated bock to about 18o0-()0. 

/pe E. — ^An article in Naval Science, 1874, giving a very 
ete account of the Admiralty experiments upon the Rev. 

Ramus' proposal, should be read by everyone interested 
Iroplanes. The model designed by Mr. Ramus represented 
el 360' X 50' x 1' draught, 2,500 tons displacement. The 
les given in Naval Science show a double wedge sheer plan, 
nearly rectangular deck line, practically the same as Fig. 
te XXVII.). Mr. Froude afterwards tried a three-wedge 
jement, the forward plane being in front of the other two 
etween them, the arrangement being nearly an equilateral 
;le. The Ramus model was tried against one of the same 
Lsions and displacement, but of ordinary type. No sketch 
9 is given. The conclusion come to was that at speeds up 
3 knots the resistance of the Ramus model was 
avagaatly large " compared with the ordinaiy model. The 
18 was tried up to I'U) knots speed, but for some reason not 
I the highest given for the other model is 52 knots. 
yu XXIV. -190^ 16 
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The net horsepowers are j^^iveu as folIfH¥s : — 

10 kuots - 1,000 

20 ,, -= 14,000 

30 ,, = 44,000 

40 „ = 83,000 

50 ,, = 124,000 

60 ,, = 172,000 

90 „ = 308,000 

130 ,, = 455,000 

Mr. Froude g^oes on to state : '* The danger of using such 
extravagant speeds at sea has been alluded to. But in con- 
templating the supreme advantages which such speeds would 
in some respects confer, it might be hastily thought that pre- 
cautions could be adopted which would obviate such risks. It 
is thoi^fore, necessary to show that these risks are inherently 
and incurably fatal. The hope of the successful employment 
o{ such speeds usually rests on the assumed principle of what 
is called the ** duck and drake " action of a flat stone skimming 
along the water, or of the ricochet of a cannon shot from it. 
But these exhibitions of the action show also it* inevitable 
danger, for on meeting the slightest undulation the stone or shot 
is glanced upwards into the air, and retunus to the water with 
a plunging descent. It is a matter of veiy simple and certain 
calculation that if a ship, when skimming along the surface of 
the water at a speed not more immoderate than ()0 knots, were 
to meet a wave of, say, twice her own length and having 10 
degrees of a maximum slope (no extravag'ant supposition), she 
would be launched upward at that angle, and would take a flight 
of nearly 100 feet before she ag^ain reached the water, and the 
upward impulse would involve the communioation of some 
rational motion which would inevitably add to the destructive 
effect of the shock she would experience on meeting the water ; 
with a double speed the flight would be quadrupled." 

In the Annua! of the School of Naval Architecture, 1875, there 
is an article signed " W." dealing in the first place with the 
^•enoral problem, and afterwards vrith the Ramus experi- 
ments, although strangely enough Mr. Ramus is not mentioned. 
The writer takes as an example a veesel 250' x 50' x 7' mean 
draught, 2/')()0 tons displacement, and 16 knots speed. ITie bot- 
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torn IS aseumed to be a plaae of 12,600 square feet, inclined 10 
feet in the whole length. He then calculates the reduction of 
displacement which would take place, assuming the impossible 
condition that no change of trim occurred, by the formula: 
^Av' sine cos . 

2240 =*^^'' 

A being the area of the plane in square feet, v the speed in 
knots and the angle of the plane. The result is given as 171 
tons. To modem eyes the speed 16 knots is, of course, absurdly 
small to expect to get any important results from, especially 
as the Ramus experiments went up to 180 knots. If we substi- 
tute, say, 35 knots for 10 knots, leaving the rest unchanged, wo 
will get a reduction of about 818 tons, or nearly one-third of 
the whole displacement. 

'* W." does not discuss the questicm as to whether the double 
wedge would or would not give as great a reduction as his single 
plane. 

Neither of the writers make any comment upon the possibili- 
ties or otherwise of so arranging a single plane as to avoid any 
considerable change of trim; or whether variations in the pro- 
portion of length to breadth would much affect the result. As 
regards the latter, in aeroplanes we find the lifting area arranged 
transversely, the plane or planes being relatively very short in 
fore and aft direction, like a bird's wing. 



DISCUSSION. 

Mr. Archibald Hogg said — I feel rather timid to make any 
remarks upon this paper, because I have not ha<l the good 
fortune to be engaged in the design of vessels of such very high 
speeds. I do not know why Mr. Long should say the ** evil " 
fortune, unless it is that they are rather tricky things to deal 
with. He says " the freak of to-day may perhaps be the orthodox 
vessel of to-morrow." I do not think any such ** freak '' as, say, 
type E for instance, am l)e an orthrnlox vessel of to-morrow. 
It should be noted that this paper has in view high spee<ls of a 
certain type — that is, speeds such as obtain in tf^rpedo b^iats and 
destroyers, there is no reference to high speeds relative to 
" form." It is just as difficult to drive a cargo boat 20 knots as 
t^) drive some of these boats 40 knots. The paper has only 
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relation to special high speeds relative to length, and, if one 
thinks about speed in relation to form, the absurdity of trying to 
introduce *' freak forms '' is more apparent because you cannot 
usefully use freaks in full formed steamers. The figures, 
illustrating types of forms, are sho-wu by means of straight lines, 
and, while it is about the best he could do in a certain sense, 
you have to be careful in looking at ships* forms as shown by 
straight lines, because they come a long way short of telling you 
what like the form really is. It looks as if some of the things 
Mr. Long says arise through looking at the straight-line forms 
as being true indications. He starts by giving five types of boats, 
and in describing them he lays down pretty correctly what are 
the essential elements to get a good form for high-speed ships. 
These essential elements are something like this : She must be a 
good sea boat, and as free as possible from shocks, and, of course, 
she must have transverse stability. She must also be easy of 
propulsion at varying mean draughts, and there should be a clear 
entrance and a clear run, and the change of trim at high speed 
should be as small as possible. Mr. Long adds one about the cabin 
accommodation which I do not think is important. In, type A, Mr. 
Long says, '* it is to be regretted, that for the very high speeds 
with which we are dealing it is practically impossible to use it." 
Ho says also that " the change of trim when driven at speeds 
nnich beyond that economical for the length is so excessive as to 
1)0 prohibitive:" and at the end of the same paragraph he talks 
about fins being added. This is whore the use of straight lines 
is rather misleading. I would say that inste^id of five there are 
only throe typos. A, 1^ and 1) (Plato XXVII.) are practically the 
same typo of boat. At present, lor vessels of not nearly so great 
speed as those, we have a form that takes such variations as are in- 
dicated by Mr. Long's straight linos. Wo can have a boat with the 
centre of buoyancy well forward, or the same with the centre 
well aft of amidships, and the model of the one with the centre 
forward or with the centre aft can bo made to look, at either end, 
pretty miuh like that indicated at the fore end, of any of the types 
shown. So these throe types A, H, and D, are really the one 
type wliieli is now in general use tor ordinary- steamers. The 
tilling out of the water lino at the aft quarters is the only 
(Imieo that axu bo n^ed ** to attempt " to prevent the excessive 
eliange of trim. In doseiibing typ(» H, Mr. Long says the area 
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of the water line is increased 50 per cent, and in the table which 
he gives he keeps the same length and the same beam for both 
types A and B. I would suggest whether it would not be worth 
while taking advantage of the extra stability to reduce the beam 
of type B. At the end of the first paragraph (p. 187) describing 
type B he says " the wave making aft is also so flat that there is 
less increase of surface there in contact with the water than in 
A." Now I should think it does not matter whether the ship at 
the aft end is flat or more of V shape. The height of water at 
the aft end would mainly depend on the speed in relation to 
length of entrance and to breadth of beam. In the next para- 
graph describing type B, he says, ** the latter being in small 
* single '-screw vessels.'* I rather think a ship of that type would 
have twin or triple screws. As for type C (Plate XXVII.) with very 
flat ends, I would not consider that at all as a type for a sea boat, 
and the same with type E; because of its flat bow. Mr. Long 
says that A type may be summarily struck out both on theoreti- 
cal and practical grounds. If you make a list of the advantages 
and disadvantages as given by Mr. Long, you will find that type 
A has eveiy one of these advantages with, it may be, the excep- 
tion of one, and that is the change of trim, a condition which 
is perhaps impossible to be stopped, so I do not see why 
he should strike it out. In fact, he is only proving in his paper 
that there is only one form after all, and that form is one which 
has a clean entrance and a clear run, and designed so as to 
overcome as far as possible the change of trim due to the high 
speed, and at the same time giving it a clear run, which must be 
done if you want to attain anything of a good i-esult. Mr. Long 
says that types C and 1) (Plate XXVII.) are bchats for the future, 
when we can get power to drive them. I should siiy it is quite 
objectless and needless to attempt to put power into such a boat. 
Then he says at these high speeds the actual fact is that the boat is 
Jifted up out of the water, and in the next paragraph he dis- 
cusses the form of midship section. I should think the mere 
fixct, ** if it is a fact," that the boat is raising itself out of the 
^w-ater should tell you what type of midship section you should 
iiise for boats of high speeds. Mr. Long says some such form 
mxist ultimately be adopted instead of our present "big'' ship 
forra. I would not like to go across to America at 40 or 50 miles 
au tour in any such small freaks, I think the big form is yet much 
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more preferable. Mr. hong says something about wet sur- 
face, now at tliese high speeds the wet surface forms a small 
fraction of the resistance and too much attention can be 
given to this. Mr. Long says the paper is mainly written 
to promote discussion, a« if the only value of the paper is 
expected to be in the information given in the discussion, but 
I think Mr. Long is to be thanked for giving himself the trouble 
in writing this interesting paper and it is to be hoped that those 
who can will come forward with a discussion that will add to 
its interest and value. 

The discussion was adjourned and the meeting dissolved. 
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,TH-EAST COAST INSTITUTION OF ENGINEERS 
AND SHIPBUIL13E11S. 



Twenty- FOURTH Session, 1907-1908. 



PROCEEDINGS. 



IXTH GENERAL MEETING OF THE SESSION WAS HELD IN 
•HE LECTURE THEATRE OF THE LITERARY AND PHILO- 
OPHICAL SOCIETY, WESTGATE ROAD, NEWCASTLE-UPON- 
YNE, ON FRIDAY EVENING, MARCH 2(h'H, 19081 



OL. R. SAXTON WHITE, Membeb of Council, in the Chair. 



e Secretary announced that, owinj^ to the President 
[. Dugdale, Esq.) having been culled away from home, he 
Dable to be present. 

e Secretary read the minutes of the previous meeting 
1 Newcastle-upon-Tyne on Friday evening, Februaiy 21st, 
which were confirmed by the members present and signed 
Chairman. 

e Chairman appointed Mr. Alfred HaiTison and Mr. J. L. 
lell to examine the voting papei-s for new members, and 
lowing gentlemen were declared elected : — 

MEMBERS. 

pall, Richard S., Engineer, The Groves, W^iulaton, County Durham. 

b, Maurice S., Engineer, Central Marine Engine Work, \^■e8t Hartlepool. 

ASSOCIATE, 
rrie, J. J., Shipowner, 49, Meadowside, Dundee, N.B. 
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GRADUATES. 



Coates, John, E. Apprentice, 15, Park Place E., Sunderland. 
Huggins, Walter, E. Apprentice, 27, Mtmdella Terrace, Heaton, Newcastle- 
upon-Tyne. 
Taylor, Hugh Lamport, B. Apprentice, 2 Prior*8 Terrace, Tynemouth. 



Mr. H. R. Jarvis's reply to the discussion on his paper on 
" Floating Docks " was taken afi read. 

The discussion on Mr. J. H. Gibson's paper on '* Torsion- 
meters '' was resumed and closed. 

The discussion on Mr. A. K. Long's paper on '* Notes on the 
Form of High-sp(»ed Ships " was resumed. 

Prof. K. L. Wkigutox read a paper on ** Piston Speed and 
Steam Kngine Economy." 
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RESUMED DISCUSSION ON MR. H. R. JARVIS'S PAPER 
ON "FLOATING DOCKS." 

The Secretary read the following communication on Mr. 
H. R. Jarvis's paper on ** Floating Docks '' : — 

Windsor Crescent, 

Whitley Bay, 

March 20^A, 1908. 
Dear Mr. Duckitt, 

As I now find that it will not be possible for me to be present 
this evening in order to take part in the discussion on Mr. 
Jarvis's very interesting and instructive paper on " Floating 
Docks," I think that perhaps the following experiences may be 
of interest to the members, if forwarded in the form of a com- 
munication. 

To my mind, they show how far superior a floating dock can 
be to a dry dock, in the manner of overcoming what would 
otherwise prove to be great, if not altogether insurmountable, 
difficulties. Owing to the large dry dock in Kiel being unavail- 
able through damage, the German Admiralty decided to entrust 
the work of repairing the veiy extensive damage done to the 
large cruiser *' Scharnhorst," to the firm of lilohm and Yoss in 
IBamburg, and this was carried out by them in one of their 
:floatiug docks in the following manner: — As there was not a 
sufficient depth of water at the ordiuarj' position of their No. 4 
clock to allow of it^ being lowered to suit a vessel of the draft 
of the ** Scharnhoi"8t," it was towed by means of six tugs to 
€he deeper site previously occupied by No. -J dock. This No. 3 
dock was at the time occupied by the North German Lloyd 
liner '* Kaiser Wilhelm der Grosse," and dock and vessel were 
therefore towed over and safely mooi-ed alongside the South 
Quay. This manoeuvre took place during a strong wind and 
lieavy snowstorm, and was a brillia-nt demonstration of the 
uiobility of the floating dock. 

The two large docks with their contents, together represent- 
L ng a capital of not less than two million sterling, were now 
^oth away from their normal positions, yet the repair work on 
both vessels was carried out with the greatest facility and 
precision. 
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The foregoing also recalls to mind a somewhat similar expe- 
rience the writer had at the same yard some years earlier, when 
carrying out extensive repairs to the Hamburg- American liner 
** Deutschland/' which vessel, by the way, had also, as in the 
case of the previously mentioned '* Kaiser Wilhelm der Grosse," 
lost her rudder at sea, together with a part of the stem frame. 
The vessel was docked on the No. 3 dock while in its normal 
situation, then dock and vessel were towed under the 150-ton 
crane, and this readily allowed of the old stern frame being 
I'emoved and the new one placed into position, together with 
the new rudder. In removing and replacing the stem frame 
of the *' Kaiser Wilhelm der Grosse,'' a different method was 
adopted to the foregoing. One section of a small dock was fitted 
with suitable ways and then placed end on to the large dock, 
and by continuing the ways up to the vessel, it was an easy 
matter to move the old stern frame to the small dock section. 
This was then moved under the 150-ton crane and the frame 
lifted on shore. In replacing the new 80-ton stem frame the 
same method , was employed, but, of course, in the reverse 
direction. 

All this, as experienced by the writer, points to the superi- 
ority of the floating dock, both in mobility and accessibility, when 
haudliug heavy weights and cariying out extensive repairs. 

Yours faithfull}', 

"^ H. E. Rea. 

MR. H. R. TARVIS' REPLY. 

Mr. H. R. fJARVis said -I am extroiiiely obliged to Mr. Geoi-ge 
Reuwick tor reminding nie of the late Mr. Alexander Taylor. 
and regret that I had not the pleasure of his })ers()nal acquaint- 
ance. I am, however, well aeciuainted with the two pontoon 
docks owned by Messrs. Swiui, Hunter and Company, which 
were designed by Mr. Taylor, and which no doubt have been 
of much service. They are, however, inferior in a few respect-s 
to other floating docks which wei'c constructed about the same 
time, and the form of the side lowers precludes any possibility 
of Htting mechanical side shores, which are a very essential 
adjunct to a succcs^st'ul floating dock. They are also weaker 
longitudinally than other designs, owing to the large openings 
between the side towers. Many people have designed and built 
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floating docks, e,g.y Mr. G. B. Rennie, who designed the first 
sectional pontoon which is described in the paper, and also, I 
believe, by Mr. James Campbell and others, but that does not 
establish them as specialists. Messrs. Clark and Standiield, how- 
ever, ai-e floating dock specialists, and the only firm of that 
description that I am aware of in existence. 

I agree with Mr. Benwick that our Admiralty are slow in 
adopting the floating form of dry dock, there being so many 
places where they could be usefully employed, well sheltered 
and secure from torpedo attack. It is not a new suggestion to 
instal machinery into a floating dock to be able to propel it at 
moderate speeds. It has been under the consideration of experts 
for many years. The power required, however, would be pro- 
portionately very great to propel a dock at a speed of even 
four miles an hour. Moreover, serious practical difliculties arise 
in getting the propellers deep enough into the water to be of 
service, and the propelling machinery would, tx)gether with the 
bunkers, occupy so much space and extra displacement that the 
idea of a self-propelling floating dock seems to be almost imprac- 
ticable. Steering is also a veiy difficult matter to overcome. 
Some idea of the power required may be gathered from the 
following particulai-s : — A dock 320 feet in length by 86 feet in 
width, and a draught of 4 feet inches, when towed at the rate 
of b\ knots per hour, was found to require an effective horsepower 
of 462. When towing at 6| knots per hour the E.H.P. required 
^wias 790; when towing at 7^ knots the E.H.P. was 935. This 
dock, it will be observed, was a comparatively small one, with 
51 lifting power of 4,000 tons, and the indicated horsepower of 
the pumping machinery in the dock was only about 150. 

With reference to the draught of water required to take 
St vessel drawing 36 feet, and with perhaps a list, this would 
probably require to be about 10 fathoms, and the difficulty 
las been experienced that too much depth of water has been 
available. In the case of the Bermuda dock, which is an 
example of how a dock could be sent to meet a damaged ship, 
liaving been sent from the Tyne to the Med way to dock a 
l>attleship as part of the official trials, the depth of water avail- 
able at the place where the dock was temporarily moored was 
xio less than 15 fathoms. The working depth of water normally 
required to dock a ship of 27 feet draft on this dock is 46 feet. 
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which g-ives a freeboard of 10 feet to the dock. The dock was 
sunk to a draft of a little over 'V'\ feet over the keelblocks, 
leaving only 4 feet of the side walls above the water. 

Of course, it is not essential that the dock should be moored 
at a place where she can be dropped on to the bottom, but 
naturally it is a safeguard to be able to do so, in the remote 
event of a total failure of the pumping plant. 

With reference to the parts most likely to deteriorate in float- 
ing docks, I agree with Mr. Renwick that the side on which the 
sun shines wastes quicker than the sheltei^d side, owin^ to the 
sweating which takes place on the inside of the dock. This 
was particularly exemplified in the ca«e of a dock at a Mediter- 
ranean port, upon which a survey was made recently, with a 
view to extensive repairs. The surfaces exposed to the sun were 
found to have wa,sted away from an original thickness of yV of 
an inch and ^ an inch to from yV oi an inch to y\ of an inch. 
However, there is no reason why such excessive corrosion should 
take place, as proper ventilation of the interior of the dock, and 
cleaning and painting ^t intervals, should make the structure 
last indefinitely, more especially if the steel work is coated with 
bituminous products. 

Mr. Renwick is, I am afraid, mistaken with regard to the 
iuadvisability of makiiij^ a floating dock self-docking, and I agree 
with Mr. Box that it would be a difficult and costly work to 
construct a graving dock witli sufficient width of entrance to 
take in a very ordinary sized pontoon, of, say, from G,(K)() tons 
to (S, ()()() t()iis lifting power. Sucli a floating dock would have 
an overall width of from So feet to 95 feet, and a graving dock 
with an entrance of sufficient width to accommodate vessels of 
such beam is a very costly affair, and, moreover, a firm having, 
say, one or two pontoons and one graving dock of sufficient 
dimensions to dry dock the pontoons, would find themselves 
badly handicapped by possibly having to refuse work owing to 
their having two docks occupied in such a manner. It has been 
demonstrated and proved, as described in the paper, that the 
bolted sectional type of dock is, undoubtedh*, the best that oan 
be devised as a self-docking dock. It has the lulvantiiges of 
mobility and strength, which aie such important factors. 

In reply to Mr. Box, I can only express my regret that he 
did not fall in with the suggestion made during the discussion 
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of Mr. Moncrieff's paper on " Commercial Dry Docks," and him- 
self contribute a description of floating- docks to this Institution. 
The paper was not intended to describe the various means of 
recovering" vessels from the water for any purpose, and, more- 
over, any comparison between the floating dock and other types, 
the paper clearly stated was purposely avoided, it having been 
dealt with so exhaustively in various contributions to the pro- 
ceedings of the Institution of Civil Engineers and the Institution 
of Naval Architects. 

With reference to the question of design, I am unacquainted 
with any dock known as the ** Hannson " type, but perhaps Mr. 
Box means the one named the '* Dewey," which was towed from 
the east coast of America to Subic in the Philippine Islands a 
year or two ago. If this is the dock which Mr. Box described, 
it was built from the designs, and under the superintendence, of 
Mr. Sven Anderson and Mr. Cunningham of the Maryland Steel 
Company. This dock certainly has the merit of simplicity in 
self -docking, but only at the cost of an enormous expenditure 
of material as compared with the bolted sectional type; and, 
moreover, the end sections when disconnected for self-docking, 
must have special pumping apparatus which is coupled to the 
main boilers of the dock by objectionable flexible steam pipes, 
whereas each section of the bolted sectional type is self-contained, 
and when coupled together, any single unit of the machinery can 
pump out the whole of the dock. 

The *' Dewey " dock must of necessity terminate at each end 
rectangular in plan, and in consequence has excessive lifting 
power in proportion to its length. It is also only suitable as a 
comparatively short and broad dock suitable for naval pur- 
poses, and for such, as a matter of fact, it was specially 
designed. 

The end sections must be of sufficient length to enable them 
to have the requisite lifting power, and, what is equally import- 
ant, initial stability, -when being manoeuvred for lifting the main 
portion of the dock. This means that the dock must have an 
excessive beam to enable the main portion of the dock to lift the 
two end sections. 

The bolted sectional dock, however, is entirely independent 
of such considerations ; it is not extravagant with material, as the 
dock in plan has pointed ends and the ends of the side walls 
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are also stepped down, thereby saving- weight and also avoidinfr 
excessive lifting power at the ends of the dock. It is an advan- 
ta^ sometimes to curtail the length of the buoyant portion of the 
pontoon and extend the working* length by light lattice platforms. 
Floating docks which break joint have been designed and 
patented in this country and in America, but they have precisely 
the same objections as the ** Dewey " dock. 

With reference to the method of constructing floating docks 
to which Mr. Box refers, the matter is very simple. The exact 
position of every rivet hole is, on account of the rivet pitches 
in either direction being multiples of each other, exactly deter- 
mined before the work is commenced, and the accuracy of the 
work depends almost entirely upon the reliability of the drawing 
office stiiff. The plates, as Mr. Box described, are punched on a 
multiple punching machine, and the majority of them do not 
require any further manipulation other than shearing or counter- 
sinking after leaving that machine. For the angle work, how- 
ever, the i^ack arrangement described is only suitable for com- 
paratively small work. 

^rhe writer had subsequent experience to Mr. Box at Gray's, 
Essex, and also introduced the system in the Wallsend yard, 
but it was found to be unsuitable to Xorth Country methods. It 
is found that excellent work can be made with the ordinary' 
template when care is taken in punching. 

With reference to design, it is obvious that a floating dock 
of any type to lift a vessel of a certain weight must also be 
able to support its own displacement with a margin for freeboard 
and contingencies. The method of controlling the dock is fully 
described in the paper under the heading of pumping plant. 

The question of strength also was considered in the paper, 
and the statement made that the docks were usually designed 
to cany their maximum load over three-quarters of their length, 
without excessive deflection. 

AVith regard to the launching of floating docks to Which 
Mr. Box refers, this does not entail any greater risk than the 
launching of a ship, if as much; the methods adopted are pre- 
cisely the same in both cases, and therefore quite familiar to 
the members of this Institution. 

It is an advantage, however, if launching can be avoided, 
and the dock built in a basin, which was the practice at Gray's, 
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and with the ** Dewey *' dock, and also more recently at Pola. 
The blocks are laid on the level, and consequently simplify the 
fairing of the work. 

To go exhaustively into the question of floating docks and 
various methods of construction would not only take up too much 
time, but would probably not be interesting to all the members, 
neither was it the writer's intention to do so, but simply to 
place a few simple facts and particulars of the various designs 
before the members of this Institution. 

With regard to the cost per ton of lifting power of the 
various types of docks described, to which Mr. Box refers, this 
is quite outside the scope of the paper, and the writer cannot for 
obvious reasons give any information ; it, of course, varies very 
^nuch with the cost of materials and labour. 

The Chairman said — I beg to propose that a hearty vote of 
thanks be given to Mr. Jarvis for the paper he has contributed. 

The proposition was earned by acclamation. 
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RESUMED DISCUSSION ON MR. J. HAMILTON GIBSON'S 
PAPER ON "TORSION-METERS, AS APPLIED TO 
THE MEASUREMENT OF THE HORSEPOWER OF 
MARINE STEAM TURBINES." 

The Secretary read the two following communications on 
Mr. J. Hamilton Gibson's paper on " Torsion -Meters ": — 

The Hollies, Westfield Avenue, 

GosFORTn, Newcastle-on-Tyne, 

March 19th, 1908. 
I>ear Mr. DrcKiTT, 

I regret it is not possible for me to be at the Institution 
meeting on Friday next, and as I am desirous of making a few 
remarks upon the paper of my late colleague, Mr. Gibson, 
perhaps you will be good enough to put these before the meeting. 

No doubt others have commented on the admirable summary 
trhich Mr. Gibson has given, descriptive of the several torsion- 
neters designed to date, but the chief interest will probably 
centre in the description of the flashlight torsion-meter worked 
>ut by the author of the paper in conjunction with Mr. Bevis. 
Saving been familiar with the design in its early stages, and 
cnowing that, as Mr. Gibson says, a difference of reading equal 
o the thickness of a hair would make a very appreciable differ- 
ence in the result, I was somewhat doubtful whether readings 
)f such small quantities could be taken with sufficient accuracy 
mder the conditions of actual practice. I took, therefore, an 
?arly opportunity of testing this for myself on one of the first 
"essels fitted with turbines by Messrs. Cammell, Laird and Com- 
>any. With the vessel going at full speed, I experienced no 
Ufficulty in ascertaining a definite position where the beam of 
ight of the torsion-meter was just shut off, and on reading the 
orque I found it to exactly agree with that just previously 
ecorded for the same shaft by the expert in charge of the 
nstrument. I can thus confirm what Mr. Gibson says on 
>&ge 161 as to the fineness of adjustment which is possible. 

The diagram given on Plate XXIII. is a specimen of what is 
leeded to increase confidence in the accuracy of torsion-meter 
VOL, xxrvr.-i908. 16 
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results generally, namely, a comparison between simultaneous 
readings for indicated and shaft horsepower of reciprocating 
engines. That diagram shows one result I was not prepared 
to see, the efficiency of the engine — ^judged by the ratio between 
shaft and indicated horsepowers — being least at the highest 
powers and greatest for the lowest powers recorded, whereas one 
expects the reverse to be the case, remembering the relatively 
greater importance of dead load friction at low powers. I have 
noticed the same tendency in published comparative results in 
connection with other types of torsion-meters, and perhaps Mr. 
Gibson will be good enough to explain this — ^unless, indeed, we 
are to accept the statement in the body of the paper, that indi- 
cator results cannot be relied upon within 10 per cent, or so, 
in explanation. 

It goes without sa3ring that, in view of the increasing use 
of the turbine, it is most necessary to have a reliable instrument 
for measuring the power delivered to the screw, in order that 
trial trip results may be properly analysed and questions of 
propeller efficiency, etc., adequately dealt with. The flashlight 
torsion-meter has already proved its value for such purposes, 
and I think, therefore, that instruments of this type — possibly 
modified as further experience suggests — must come into 
extended use. 

Yours faithfully, 

J. J. Welch. 

Greenock, 

March l&th, 1908. 
Dear Mr. Dtckitt, 

As I am unable to be present at the meeting on Friday 
evening, I shall be pleased if you will submit the following 
remarks on Mr. Hamilton Gibson's paper. 

On page 152, Mr. Gibson says: ** A small propeller working 
deeply immersed in smooth water is a fairly uniform brake." 
It would be interesting to know whether any experiments have 
been made to determine the extent of the variability of torque 
during the revolution, due to variability of wake, and the effect 
of successive propeller blades passing through the water nearest 
to the skin of the ship. In a turbine vessel this could easily 
be done by arranging the torsion-meter discs with two slots, 
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one opposite a propeller blade and one opposite a space between 
two blades. By this means we would be able to measure the 
maximum torque and the minimum torque, and see the possible 
extent of error involved in measuring* at only one point. 

On comparing the shaft and indicated powers given in Fig. 2, 
Plate XX., it will be found that the mechanical eflSciency is very 
high, about 92 per cent. 

Perhaps Mr. Gibson will be able to offer some explanation 
why such a high figure should have been attained in such a 
small engine. 

On page 163, Mr. Gibson says thai the difference between shaft 
and indicated horsepowers corresponds with the result obtained 
by steaming with the engines disconnected, but it should be 
noted that the power found by this method is less than the 
frictional horsepower of the engine, due to the absence of load 
on the bearings. Whilst this may be negligible in the case of 
the engine bearings, yet at the thrust block the additional load 
must always result in an increased loss of power. 

Again, from Fig. 2, it appears that the thrust was measured. 
It would be interesting to know the method adopted in the 
measurement of thrust, whether by hydraulic rams, spring 
balances, or strain indicators, and also whether the thrust was 
measured when running at sea or with the ship moored in dock. 
If a comparison be made between thrusts when running and 
when moored in dock, it will be found that for constant speed 
of revolution, the thrust in dock is very much greater than 
at sea; this is because the real slip at which the propeller is 
working is greater. Therefore, if we wish to obtain the apparent 
propeller efficiency it will be necessary to measure the thrust 
when running at sea. For a determination of the real propeller 
efficiency a knowledge of the wake and thrust deduction factors 
must be obtained, for which the experimental tank seems to be 
the only method available. 

The whole problem is one of very great interest, and I must 
thank Mr. Gibson for a very valuable contribution to its solu- 
tion. 

Yours faithfully, 

John ]S"eill. 

The discussion was closed. 
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lESUMED DISCUSSION ON MR. A. E. LONG'S PAPER 
ON '' NOTES ON THE FORM OF HIGH-SPEED SHIPS/' 

Mr. F. H. Alexander said — Those of us who hoped from the 
itle of the paper that Mr. Long was going to let us into the 
ecret of some of the success of the destroyers built by the firm 
le is connected with, may perhaps feel somewhat disappointed; 
►ut that does not prevent the paper being a very interesting 
nd instructive one. It is doubtless to our benefit to look beyond 
he class of work with which this district is particularly afisoci- 
ted, to the tendencies which are showing themselves in the 
esign of small boats of relatively veiy high speed, whose speed- 
3ngth ratio is greater even that that of destroyers. 

Mr. Long says that the design of any vessel involves a com- 
romise between speed and other requirements ; and there is no 
oubt that this will always be so, and particularly in the cases 
f vessels intended to move among waves ; many considerations 
re modified where we can depend upon smooth water. 

In using the straight line forms, and in omitting the part 
bove water, Mr. Long is following out the methods of repre- 
eutation suggested by Mr. A. C. Kirk, whose analysis of lengths 
nd angles of entrance and run is so well known. By so doing, 
e has simplified the classification of types, but there are two 
oints in connection with the method which I may refer to. 
think that, as the under-water form to some extent domin- 
ies that of the parts above water, the omission of the latter 
lay obscure the adverse windage eifects which would be felt 
n the exposed parts of some of the types; and in the case of 
ne type at least, an objectionable overhang of the ends would 
robably result unless the top sides were out of all harmony 
ith the under-water part ; and if such overhangs existed, would 
ot that mean that we were really dealing with a larger and 
)nger vessel than those described by the other type fomis. 
.gain, I would point out that Mr. Long's method of measuring 
ae angles of entrance and run has been the subject of diiference 
f opinion. In some cases it is measured by the intersection 
f lines in a vertical pltuie, and in other cases these lines are 
hosen in a horizontal plane, the choice apparently being made 
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so as to give the least angle; it would be perhaps more con- 
sistent if a definite method were adopted throughout if such 
were possible, but, of coui-se, in that case some of the angles 
might become right angles, and the meaning of the term be 
quite obscured. I prefer, therefore, the Normand system of 
determining angles of entrance and run, in which neither the 
breadth nor the draft of the midship section is directly used, 
but the square root of the immersed area of that section. The 
length of this line, divided by the length of the entrance, gives 
the tangent of the angle of entrance. 

In reference to the boat built by Messrs. Yarrow, I would 
like to ask Mr. Long to tell us how he would form the above 
water part of the bow, if he shortened it back as suggested; 
would not the wind resistance be increased to an undesirable 
extent ? 

It must interest us in this part of the world to know ttat 
the form which is being most generally adopted for these high 
speed boats so closely Tesembles that of our local ** cobles." 
Those of our members who have seen the three papers on motor 
boats read last November at the meetings of the American Society 
of Naval Architects and Marine Engineers, cannot fail to be ^ 

struck with this resemblance as shown in the illustrations of 3 

the boats described. The greatest beam is quite near the aft ^ 

end and the greatest draft near the fore end. The same ^ 

typical features appear in most recent British and Continental J^ 

designs. 

Coming now to the " liydroplano " or type E, which is at •^" 

present in the stage of a toy rather tliaii of practical use, I ^ 

agree with Mr. Long's remark that this type is of veiy old ^^ 

conception ; but it has another remarkable featui-e, and that * 

is, that it is invented afresh eveiy year, if not every month, -- ' 

according to the illustrations one may see in the patent columns ^^ 

of the technieal journals. Obviously its success, even in smooth ^^ 

water, and even in the ease of a light small vessel, depends on ^^ 

the power being suiticient to raise the main part of the hull ^ 

well clear of the water; and this accounts for our having to ^^ 

wait for success until the recent production of a motor sufficiently 
powerful ill relation to its own weight. It is to l)e noted, how- 
ever, that onee the vessel is so raised, the power needed for 
increased speeds does not increase as rapidly as it does in the 
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case of an ordinary ship; and that may be proved by the test 
of the ordinary Admiralty constant. Suppose we take as 
an example the Italian boat recently tried. An account of this 
is ^ven in the current issue of the International Marine Engineer- 
ing for March, 1908 (Vol. XIII., No. 147, pa^e 127). The 
boat is 26 feet 3 inches long", and its displacement at rest 
with two men on board is about 1^ tons. Its hig'hest speed 
(attained apparently in still air, if one may judge from an 
illustration) is stated to have been 70 kilometres per hour, or 
about 37*8 knots per hour, with a motor rated at 80 to 100 
horsepower, turning twin air propellers at about 1,200 revolutions 
per minute. At this speed the hull was about 18 inches above 
the surface of the water, and the hydroplane supports were 
nearly on the surface. Now, of coui-se, it is obvious that con- 
siderations involved in the use of the Admiralty constant 
cannot apply to a case like this, but if we were able to drive 
an ordinary boat of that displacement at that speedy with that 
power, the Admiralty constant would be 708 ! It is interesting 
to note that Mr. Fronde's estimated powers for the Ramus 
ship confirm this high value at about the same speed-length 
ratio ; though here a^ain this ratio can hardly be strictly 
applicable if it enters the question at all. But, as Mr. Long 
Says, the vital objection tlo the hydroplane boat of excessive 
speed is its inability to cope with waves without disastrous 
results. 

I think it is not impossible, however, that new principles 
inay yet be made use of w'hich may enable us to reach higher 
speeds than we do at present and even with lower powers, 
at any rate in smooth water ; although it is probable that rough 
Seas and winds will always prove an obstacle to sustained high 
speeds at sea. 

Mr. Long's paper will, I hope, induce some of our younger 
members to take an interest in the development of the small 
h.ig'li-speed craft, even though these are not mudh in direct 
evidence in this district; for, as he says, " it is well to remember 
that the freak of to-day may be the orthodox vessel of to- 
ttxorrow." 

Mr. B. HiNCHLiFFE said — Mr. Long has contributed some 
very excellent papers to our Transactions, all of an interesting 
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and iu^'itructlve nature. FuHlier paper* by him are thei'efoi^' 
luoketl foiward to witli no small umoiint of intert-si, autl th^ 
aauouiieement that he wasi to give us a paper on the siibit?-*^ 
of high-speed forms raised, I should say, not a few plea§ia^:»i^ 
anticipatioDs, Candidly; however, I mn.st conte.s^ to a cerht. ^^ 
feeling of disappointment on reading* his paper — not that t-^i<^ 
paper fallB any way short of Mr. Limgr's hijrk i<tandard» b ^^t 
rather with that portion of the suhject which Mr. Lonft h 
seen fit to deah He says : " The lower limit of speed fixed up^^^l 
is twice the square root of the length, and even this is mil* 
too low to hring out the true characteristics of some of t-^K^^ 
types/' Most of us, I feur, are inclmed to look upon a spe """^ " 



which is much in exee.ss of once the square root of the ieug* 
as a *' high *' speed, and would he inclined to call Mr, Lon^ 
speeds ** excessive.** The "Mauretuiiia '* would have to utt^iiu 
speed of 55 knots and the *' Lord Nelson '' a speed of 4vi kncr 
before tbej^ would eater Mr, Long's class. Indeed, it is ow 
to a limited class of vessels^ comprising torpedo boats, torpe- 
hoat destroyers, and motor boats that the forms Mr. Long d 
cusses spply* Since only these high-speed fonns are eousiderfc 
Mr. Long quite logically deletes type A as uuBuitable. Yet th 



U 



is the type in which the majority of us are most interest 
Furthermore, it is a type regarding which we iim not yet famih 
with all the characteristics, as witness the recent controvei 
regarding the value of stniight and hollow watei -lines in t:^ 
Tninmmtiotu of the Institute of Naval Areliitects. What i^ mcK 
type A is a form about which I feel sure Mr. Long could hm^ 
given us a lot of valuable informal ion based on his own experierra 
had he choaeu so to do, AVe can only hope he is keepL^ 
the material for a subsequent paper. In one pari of his paf 
Mr. Long comments upon forms which seem t^ suggest tfc 
the naval architect has hesitated half-way, and has lacked •= 
courage to carry out his convictions. I %-enture to protest tl 
this is not always the reason for certain modi tied forms we i^^ 
There are probably few^ naval architects who have ntit» at cz-^ 
time or other, designed a form which they thought would 
conducive to high speed, only to be told when he haa submiti— 
his " spaces " to engineers that the boilers in the forward bo ^k- ^^*'" 
room project 3 inches thi-ough the shell of the ship, on on "Aift 
other handj that the space between the condenser and the s 
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was 80 small as to render it impossible to clean and paint. It 
is troubles like these that spoil the ideal forms that all naval 
architects are longing to produce, and which make naval archi- 
tects old before their years. A naval architect, as Mr. Long 
points out, has to consider other matters beside that of speed in 
deciding upon a vessel's form. In criticising the disadvantages 
of form B, Mr. Long points out this form is apt to produce slam- 
ming in a seaway owing to the flat section. This view is borne 
out by the experience of Lieutenant L. H. Chandler, of the 
United States Navy, who was in command of some torpedo 
destroyers proceeding from the United States to Manila. Writ- 
ing in a paper read before the Society of Naval Architects and 
Marine Engineers of the United States, he comments on it as 
follows : — " The worst feature that I have seen in their behaviour 
is the pounding of the flat stern that comes in driving into a head 
sea, or when at very low headway in a short steep sea. I have 
felt the ship when it seemed as if she must surely be pounding 
on a reef, and have more than once run from my cabin to the 
deck because of this pounding when some reason compelled 
slowing down, fearing that we were aground. This pound- 
ing tends to loosen rivets and generally disintegrate the hull 
structure, especially aft, and I have some fear that, under 
certain conditions of sea, a breakdown of the engine might 
result in so much hammering as to break up the afterbody of 
the ship. I am of opinion, for these reasons, that in new 
construction some modifications of this stem must be made." 
I believe that similar trouble has been experienced in connection 
with certain British boats, and it is not improbable that in subse- 
quent designs some modifications to the after-body of these boats 
will have to be made, even at the expense of a more resistful 
form. Mr. Long concludes his paper with some remarks to the 
effect that the fonns under discussion apply to only a very limited 
number of ships, but that it is possible with our great advance 
in speed the forms he discusses may have to be adopted in the 
near future. Whilst we all look forward to progress, I fear, 
unless some startling change is made in the methods of marine 
propulsion, very few of the present generation will see speeds 
advanced to such an extent as to necessitate these forms being 
used on large sized ships. Our advance in speed is more apparent 
than real. The " Mauretania " is no faster a vessel than the 
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"Paris." The "Dreadnought" is little faster than the "Cen- 
turion," built about fourteen years ago. The new " Invincible " 
class, if they attain their designed speed of 26 knots, fall a long 
way short of the Tyne-built " Piemonte," while tlie 3'3-knot 
destroyere of the present day are little in advance of the " Light- 
ning," built, I think, in 1877. So that really, I fear, we are 
not going along quite so fast as Mr. Long's remarks might lead 
us to imagine. Nevertheless, Mr. Long's is an interesting paper 
and contains much that is instructive, and when added to our 
Transactions will be an addition to the literature on this subject ; 
but, I venture to think, it will be more appreciated by future 
generations than by the present. 

The discussion was adjourned. 
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PISTON SPEED AND STEAM ENGINE ECONOMY. 



By Prof. R. L. WEIGHTON, M.A., Vick-Prksidbnt. 



[Read in Newcastle-upon-Ttne on March 20th, 1908.] 



Some time ago a series of revolution trials were carried out 
on the experimental engines in the Engineering Laboratory at 
Armstrong College, Newcastle-upon-Tyne. Stress of other work 
at the time prevented the present writer from giving that con- 
sideration to the analysis of the results which he would have 
liked, nor has he even yet been able to complete to his own 
satisfaction the important line of investigation opened up by 
such trials. He thinks, however, that at this stage it may be 
desirable and not uninteresting if the results be put on record 
in the Transactions of the Institution, along with such comments 
and deductions as they obviously suggest. The complete and 
adequate interpretation of such results is, however, a most 
intricate and somewhat arduous undertaking, requiring more 
study than the writer has been able to giv% to it as yet. More- 
over, to thoroughly elucidate the subject, further trials will 
probably be necessary with cylinders having different proportions 
of steam ports, and the writer would therefore have the present 
contribution looked upon as being of a more or less introductory 
or preliminary character, and not by any means as a complete 
solution of the problems raised. 

Object of Trials. 

(1) In general terms, the primary object was to ascertain by 
careful experiment the exact effect upon the steam consumption 
per brake horsepower of running engines of ordinary design and 
proportions — such, for instance, as are usual in marine practice — 
at varying speeds of revolution, ranging from the lowest up 
to the highest practicable, nothing being altered throughout 
the series except the resistance against which the engines were 
working. 
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(2) A second object was to discover, if possible, the maximum 
permissible speeds of steam and exhaust in such engines, with 
due regard to economy. This last with a view to the determina- 
tion of the minimum sectional dimensions of the steam and 
exhaust ports, openings, and passages, for adoption in proposed 
engines of this type, without entailing sacrifice of economy in 
working. 

Other objects might be mentioned, €,g., the determination 
of the effect of speed of revolution upon mechanical efficiency^ 

and upon total power developed; but all such may be regarded 

as subsidiary to the two objects just stated, these latter bein^^ 
of a character calculated to have a direct and important bearin^= 
upon practice. 

Obviously the only true power of an engine is the brak 
power, this representing the power available for the performance 
of the useful work, to do which the engine was built. We ar»^ 
all aware that revolution trials have frequently been made, a 
the results worked out in terms of indicated horsepower. Th 
classic tests carried out by the late Mr. Peter Willans on hS 
central valve engine are a wellknown — ajid deservedly wel^ 
known — case in point. These trials threw light upon sever^s 
previously ill-understood points, and might be said to ha 
marked an epoch in the question (►f the economic utilization 
steam. The brake horsepower, however, does not seem to ha 
been recorded, nor were the revolutions carried to such a degr 
as to reach minimum steam consumpt per horsepower, the obje 
of the trials not calling for this. And further, the engin — -^*s 
experimented upon were of a quite unusual type, the results fro^ "^ 

which could scarcely foreshadow what might be expected fro "^ 

engines of more normal design. 

Conditions under which the Trials were made. 
Two separate sets of trials were carried out, one with C 
engines arranged as quadruple, and the other as triple expansic 
otherwise the conditions wei\i as nearh' as practicable identic 
for both sets, as follows: — 

Quadrupk^s: Cylinders, 7", 1()A^ 15A'', and 2'^" diamete 

IS'' stroke. 
Triples : Cylinders, l()i^ 15.^' and 2^" diameter; 18" strol 
Stream pressure in high pi-essure chest, IrJS lbs. per squaa^ ind^^ ^' 
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absolute; vacuum in condenser (barometer 30'0> 24^ inches of 
mercury. Jacket steam shut off and jacket drains open. Re- 
ceivers continuously drained by hand into hotwell. Amount of 
lubrication of steam and of bearings the same on both trials. 
Steam cut off in quadruples at 12^", 10^", 10|'', and 10^" respect- 
ively; steam cut off in triples at 6", 10^'', and 10^'' respectively. 
Engines in both cases linked up very slightly and to exactly the 
same amount in every trial. 

In all the trials great care was taken to secure uniformity in 
the quality of the steam entering the first cylinder, by resorting 
to hand drainage of the high pressure steam chest, thje water 
from which was, of course, not included in that debited against 
the engines. The steam pressure is low for use in quadruples, 
but it was purposely chosen so in order that there might be no 
doubt about the ability of the boiler to maintain the pressure 
constant at the higher piston speeds. The vacuum also was kept 
low in the interests of economy of condensing water. So far 
as the writer can see, neither the degree of steam pressure nor the 
vacuum can, within limits, materially influence the comparative 
or qualitative nature of the results. Quantitatively both of these 
factors would, of course, have an important influence. 

The variation in speed of revolution was brought about by 
adjustment of the dynamometer, the lowest speed in each case 
being that which resulted when the dynamometer was adjusted 
for maximum resistance. Care must, of course, be taken not to 
confuse this condition with quite a different condition under 
which engines may be worked. In prosecuting research it is often 
necessary to introduce arbitrary and artificial conditions and 
adjustments not met with in ordinary industrial working prac- 
tice. In the case before us, it was desired to try the effects of 
change in speed of revolution alone, without the complication of 
any other disturbing cause whatever, and hence change in speed 
was brought about solely by change in resist^ance. This is quite 
a different case from that met with, say, in the ordinary every- 
day working of marine engines, where change of speed is occa- 
sioned by change in initial steam pressure, or in some cases by 
change in expansions, or by both of these causes combined. The 
aggregate resulting effects are in such cases due not to change in 
speed of revolution alone, but are complicated with those due to 
change in pressure or expansions or both, and hence the par- 
ticular share which speed of revolution has had in the combined 
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remit ifi not cleaarly ascertainable. In order to elucidate the 
precise effect of any given cansci that cause alone must be 
dianged. For our present purpose we change revolutiona alone 
and ke^ all the other causes or conditions aa constant as we 
possibly can, and th^» of course, the results which follow are 
attributable ^itirely and completely to the change made in tbe 
revolutionil. 

The economic effect of working at various steam pressures or 
at various eatiAumions and ai eanskmi revottdions are, of course, 
weU known* . I!lie trials here dealt with show the effects of work^ 
ing gfven engines at various tevdutian* and at constant steam 
pressures and expansions^ 

Sedbog that a description of the enginee ftnd dynamometer, 
^etc,, h)as been already published* XM)thing further need be added 
in Ihai direetioitl here. 

BiBSUX^TS 07 TbIALS. 

These are given in the diagrams ; I. and IL, Plates XXX.- 
XXXI^, leforring to the quadruple,, and m. and IT., Plates 
XXXn.-XXXm., to the triple expansion, conditions* 

Diagrams I. and m. contain the actual recorded observations 

set out in the graphic form, the actual spots being shown iiL 

Diagram I. but omitted in Diagram III. for the sake of sim^ 

plicity. The spots are given simply to illustrate the degree o^-^f 
consistency with which they range themselves along the lin^^^g 
drawn through the mean of them. 

The final results are given in Diagrams II. and IV. 

Remarks on the Results. 

The factors primarily involved and the values of which hav^^ to 
be ascertained by observation on each trial are : — 
Revolutions per minute = R. 
Pounds of steam used per hour = W. 
Indicated mean pressure reduced to low pressure cylixi-^^^cr 

(lbs. per square inch) = I.M.P. 
Load sustained at the end of brake levers (total pounds) === ^• 
From these observed factors all the other quantities are cK^ ^" 
puted, i.e, : — 
Brake load reduced to equivalent mean pressure in low press"^^-'^^ 

Cylinder =B.M.P.=jj2:5^-32:g ^^ 

* Tmnsactions of the Institution for year 1806.1897, vol. xiit, page 73, 
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Indicated hor8epower=I.H.P.^ -^l^-5 ^/ff ^ ^^ = ^-^g^,^ ^ (2) 
Brake horsepower=B.H.R= ^l^-^ ^^^- >^ ^^ = °-^,eV ^ ^'^ 

w 

Pounds steam used per I.H.P. per liour=--.""n- tt* 

l.xl.ir. 

BTT p ^ 
» T> XT p • 

Mechanical efficiency of the engines =M.E.=Y~r;p-^ or = .,' '^ 

W 

Steam used per revolution (pounds) =ft>=^Tr=. 

Revolutions being the only causal condition which is changed 
from trial to trial, they will be the determining factor, direct 
and indirect, of whatever variations take place in the other fac- 
tors, and we therefore use revolutions as a base upon which to 
plot the other quantities. 

(1) Relation between Steam used and Revolutions. — It will be 
seen from Diagrams I. and III. that within the range of the trial 
revolutions, the line connecting W with revolutions is a straight 
line. The law of variation of W with R is, therefore, susceptible 
of very simple expression, thus : 

For quadruples W=6-1R+ 439 (4) 

For triples W=7-16R+ 678 (6) 

According to these equations the steam used per hour varies as 
the revolutions plus a constant. The value of the constant will 
obviously depend on the type and characteristics of the engines, 
a.iid also to some extent on the conditions in which they are 
Worked, and is much higher for the triple than for the quadruple 
type. One interpretation of the equation would be that the 
added constant represents the steam consumption at zero revolu- 
tions, being the equivalent of initial condensation, back pressure, 
friction, piston and valve leakage, and other losses, the steam or 
Ixeat-cost of which must first be met before any motion of the 
xnechanism can take place. 

From the above it follows that as revolutions increase, the 
'W'eight of steam used per revolution diminishes, thus : 

T? ^ 1 .. W 6-1R+439 .in9_L. '2^*32 ,^. 

For quadruples (0 =g™-= — g™^ — ='lU^+-g- . . (b) 

IT . • 1 .. W 7-16R+678 .iiq_l11-3 ,y. 

For triplesco=gQ^=— gg^ _.^.119 + ^. . . (7) 
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A ourve showiu^ the rate of this diminution h given on 
Diagrams I. and IIL (Phites XXX.-SXXIL) 

The physical explanation of the fact that the weight of steam 
UBed per revolution ft^lle a^ revolutions rise, woiihl seem to be 
found in the shorter duration of the high pressure admis&ion 
period at the higher revolutiDns- Thi^ shorter d\iration oiajr he 
expected not only to admit less weight of steam per stroke ^ hiit 
also to some extent to lead to a diminished amount of initkl 
condensation in the high pi-cssure cylindon From these cims«?s 
combined, the steam used per revolution will be lessened a« 
revolutions increaae. 

(2) Relation helween LM.P. and Rnmlnthm. — -From Diagi^ama ^3S 
I. and III. it is seen from the eurve of I.M,P. that the value of ^rl 
I.M.P, falls as revolution.^ rise, the imte of fall iucrea^sing with ^*i4i 
thie revolutions. The causes of this fall would seem to be^ firat* » ^r 
the diminishing consumption of steam per revolution, as shown .Mrmnk 
by equations ((i) and (7); and second the inci^ase in resistances ^ ^a 
encountered by the steam during its passage through the sevseral M ^*ol 
cylinders due to the higher spetnls at which it mu.et travel on ^rm^n 
entering and leaving the cylinders a« revolutions incmaso. This ^ iis 
last source of resistance shows itself in the shape of inrrensing-^t^ ^g 
gaps between the expanded indicator cards — ^the back pressure on^^z*: ^^ 
each piston is increased and the forward pressure diminished as^ -^as 
revolutions increase. The fall in I.M.P. takes place in spite o^: ^:3»f 
the fact that the time-element will beneficially affect condensa — ^-^^a,- 
tion within the cylinders. 

Obviously, this source of loss might be lessened by an increases ^^^^ 
in the sectional areas of the ports and openings by the valves.^ .^^-^s. 
And if we imagine the hypothetical case in which these areas in — m:^^^' 
crease in proportion to the revolutions, the line of I.M.P. woult^ ^^ 
be approximately horizontal and a nearly constant I.M.P. woult^-*-^" 
result. But it must not be overlooked that this imaginary con — .miM^- 
dition of matters would entail — amongst many other disadvan — 0^^' 
tages — larger valves, or longer valve-travel, or both; and tliifB^-^-*^® 
would mean greater friction losses and therefore enhanced rate o^^^f 
fall of B.M.P, as revolutions increased, with doubtful benefit xim^^^^ 
the final result. 

(3) Relation between B.M,P. and I.M.P,, and therefore^^'''^^^ 
between B.M.P, and R. — The curve of useful mean pressure^^"'^^!^ 
(B.M.P.) falls faster than that representing I.M.P., whiek indi^ — ^^ -^' 
cates increasing frictional resistances througliout the engin^^^^^ 
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3chanism as revolutions increase. The vertical distance at 
ven R between these two curves shows the resistance due to 
ction of the engine mechanism and air-pump resistance. This, 
the case of the quadruples, is approximately proportioned to 
ET, between R=100 and B=220. In the triples the rate of in- 
case is considerably lower than this. 

(4) Relation between Pcncer and Revolutions, — The power is pro- 
rtional to the product of the mean pressure and the revolutions 
[nations (2) and (3)]. The diagrams show that as revolutions 
urease mean pressure decreases. So long as revolutions rise at 
p-eater rate than mean pressure falls, the power will increase 
th the revolutions. "Within the limits of the trials this is the 
je with I.H.P. for both sets of trials. Tip to the highest 
olutions at which the engines were run, I.H.P. does not attain 
ximum value, but owing to the decidedly downward tendency 
the I.M .P. curve it is clear that were the revolutions carried a 
;Ie higher, the maximum height of the I.H.P. curve would 
n be reached. When the rate of decrease of the moan pressure 
lals the rate of incrense of the revolutions the power will have 
Etined its highest limit in the circumstances. This limit is 
ched for brake power — see Diagrams II. and IV. — in the case 
juadruples at 212 revolutions per minute, and in the triples at 
\ revolutions per minute. When the engines are allowed to 
eed these speeds the brake horsepower gets less and less as 
olutions increase. The immediate cause of this is, of course, to 
Found in the growing rate of diminution of I.M.P. and B.M .P. 
h increase of revolutions. The ultimate causes are therefore 
se which have operated to determine I.M.P. and B.M. P. them- 
--es, and which have been referred to in sections (2) and (3). 
(6) Relation between Economy and Revolutions. — On Diagrams 
and IV., Plates XXXI.-XXXIII., the curve of steam con- 
iption per horsepower is given for both indicated and brake 
sjepower. It will be noticed that in terms of indicated power 
minimum consumpt for both quadruples and triples occurs 
3r near 172 revolutions per minute, but in terms of brake 
rev the minimum for quadruples is at or near 147, and for 
lies at or near 158 revolutions per minute. 
These curves are obtained by dividing the total water used 

W 

hour by the horsepower, viz.,Trp-. 

VOL XXIV, -1908 ^7 
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Reducing this to its lowest terms we have at given R ; — 
W _ 60Rft>x26'7 _1602ft> 
LH.P.~ LM.P.XR "LM.P. 



(8) 



, W 60Rft>x26 7 _ 1602CU ^. 

^^'^B.H.P." BlTP.xR ~LM.P.xM.E/ ' * * ^• 

The ultimate and true economical performance of an engine 

W 

varies inversely as the value of t> tt t. and therefore from equation 

(O 

(9) it varies inversely as j-rf-p — Tiry We have just seen from 

the curves how the value of this expression varies as revolutions 
vary, and we have also seen the particular speeds of revolution 
at which it is a minimum in the particular conditions special M^.^3\ 
to these trials. Let us enquire as to the probable effect on the^^-^ne 
value of this quantity, and on the position of its minimum value^^ jcae 
on the revolution scale, of alteration in the condition whiclMJ^iwh 
specially concerns us at present, viz., sizes of ports, port openings^ '^^ gs 
and passages, for steam and exhaust throughout the engines. ^^^^eA- 
Let us assume the ports, etc., to increase in sectional area^^^^a 
pari passu with the revolutions. This will mean that the speeds JE>^<ls 
of steam and exhaust are constant at all piston speeds. Th^-^J^'h^ 
value of o would in this case be constant also, were it not tha" m^ .Mzaat 
the increasing piston speed affords loss and less time for condensa- -^^^^=^^<'^- 
tion of steam entering during the high pressure cylinder ^^ -E^r 
admission period, and hence on this account w would still fal X-^^J^'' 
somewhat as piston speed increased, but how much would b^^JT be 
indeterminate except by direct experiment in the new conditions^ x »if^- 
The value of I.M.P. would in its turn be practically constant a .m'^ ^^ 
all speeds in the assumed conditions were it not for its depend-d^ ^^' 
ance on w, and seeing that ^ falls, I.M.P. would also fall, bu-^^-^ ^^^^ 
precisely how much is again indeterminate except by actiia.^:^ x-ial 
trial in the new conditions. As regards the value of mechanica ^'-^ -'^ral 
etficiency, this would of course diminish because of the increasinjs^ mt^^^ 
friction a 1 resistances due to the increasing size of the valves as -^^ ^^ 
speeds of revolution increased. But how much M.E. would fal X -^^'^^' 
from this cause is again uncei-tain in the absence of direcr^:>^^ 
experiment in the new conditions. It would therefore appeal ^^ '^^^ 
that both the numerator and denominator of equation (9) woulc> f- ^ 
decrease with increasing speeds of revolution in the hypotheticar -^^ ^'"^ 
conditions assumed above; but whether its value as a wbol^ -"-'^^ 
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PTould decrease or increase, or at what speed of revolution it 
rould reach its minimum value are equally indeterminate with- 
)ut the aid of experiment in the new conditions. These new 
tonditions were increase of ports with increase of revolutions, so 
;s to preserve steam and exhaust speeds constant. On the face of 
t, therefore, it is not by any means obvious that an increase in 
team and exhaust port sections above the proportions of the 
ngines experimented with, would have yielded either greater 
conomy in the results, or have raised the most economical 
peed of revolution higher on the scale of revolutions. 

If, however, one could tell the exact share which piston speed 
-as contrasted with steam speed — has in determining the value 
E ^, it would be possible to make a fairly accurate estimate of 

le variation in the value of t ^^-n ttt?- with variation in 

iston speed. And, therefore, it would be possible to prescribe 
laximum-economy speeds of steam and exhaust for each piston 
>eed, which would apply generally. Without the aid of further 
tperiment, however, the writer does not see his way to gener- 
lise on the subject. And the object of further experiment 
ould seem to lie in the direction of dissociating the direct effects 
1 ^ of piston speeds from those of steam speeds. Such experi- 
ents will be very difficult to make as they would seem to require 
?^linders with elastic ports and valves, the capacity of which 
tier could be altered at will without the necessity of changing 
lything else. 

One thing is so far certain and that is, that for the engines 
perimented upon — and which are engines of not at all unusual 
oportions or design, and of dimensions which place them 
lite out of the category of toys — there is a definite limit to the 
ston speed at which they can be run without sacrifice of 
onomy. And further, the writer believes that this limit is here 
own to be very much lower than has generally been supposed. 
From equation (9) it is obvious that any increase in 
3clianical efficiency will, other things equal, not only raise the 
onomy in an absolute sense, but will also raise the limit of 
3ton speed at which economy is at a maximum. From this it is 
rther seen how important is the question of the friction of the 
echanism, and how great an influence it may have upon the 
rfonnance of engines, especially upon those which are intended 
run at abnormally high piston speeds. 
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The speeds of steam and exbaust ihrQugliout the eiigineB are 
given in Diagram V., Plate XXXIV., in terms of revolutions 

per minute. These speeds are in feet per second and have been 

calculated as follows;^ 

r, J J i cylinder area in sq, inches - , 

bpeed of steam — ~ -. — ^ — ^ — ^ — x piston 

maximum port opening m sq, inches 

speed in feet per second* 

Speed of exhaust =^M5^-^^^'^^?ii^^«x piston speed in 
port area in sq. inches 

feet per second. 

CONCLUSIOKS. 

The outstanding results of the trials here recorded may be 
summarised as follows: — 

1. For every reciprocating steam engine, when change in 
power is brought about by change iu pistj^n speed, there is a 
certain limit of piston speed at which maximum -power is 
attained, and beyond which the power will fall as the speed is 
increased. 

2. For every reciprocating engine, when change in power is 
brought about by change in piston speedj there is a certain limit 
of piston speed with which is associated maximum-economy of 
steam used per horsepower developed. 

3* For the engines and couditions of the trials, maximum- 
economy in steam used per bi^ake horsepower, occuiTed for quad- 
ruples at a piston speed of 441 feet per minute, and for triples 
at a piston speed of 474 feet per minute, the coiTespondiiig 
mechanical efficiencies being for quadruples *85t», and for triples 
'87. 

4. The maximum-economy piston speed depends on several 
factors, the exact influence of eaeh of which remains to be ascer- 
tainedj but to a very large extent it is determined by the 
mechanical efficiency of the engines. An increase in the value 
of mieehanical efficiency will, other things b<^iug unaltered, not 
only raise the economy absolutely, but will advance the maxi- 
mum-economy point on the scale of piston speed, 

5. Both maximum-power and maximum-economy piston 
speeds are for the brake power considerably lower than for the 
indicated power ^ and therefore if the indicated horsepower were 
alone considered, the piston speed of maximum-economy would 
ii"^^^r to be oousiderably higher than it is in reality, ^ 
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DISCUSSION. 

Professor A. L. Mellanby, D.Sc, said — This is the first time 
since 1897 that it has been possible for me to be in Newcastle 
at a meeting, and I am pleased to have the opportunity of 
speaking" upon this paper given by my former teacher, Professor 
Weighton. Any results obtained from the experimental engines 
at the Armstrong College are of special interest to me, having 
been a student at the College when they were first erected and 
iad the honour to obtain the Gold Medal of the Institution 
for a paper containing some experimental results from the same 
axEgines. 

The rules usually followed by engine designers for piston and 

.iS^^^am speeds were so empirical, that experimental results show- 

jijKzmS how a variation of these factors infiuenced the economy of 

'±;^M:m. ^ engine were most welcome. The author has, in his intro- 

^j -mj:m^ ction, suggested that the paper, as presented, was somewhat 

3omplete, but all would agree that a vast amount of time 

. ^ thought must have been given to it. 

I am especially pleased to find that Professor Weighton 

\^ ^m^ a=i not given simply the changes in the steam used per hour 

p^^^^MT* horsepower, due to speed variation. So many experimenters 

Hk iMT^^ in the habit of giving nothing but these final deductions that 

it is often impossible to see any reason why certain changes 

i^»^ "t^he conditions should give certain results. The author has 

^^^^^^g-nised that the economy depends upon two factors, steam 

^^^^■^ hour and horsepower, and by showing how each of these 

^^X>«n.ds upon the revolutions he has helped them to see why, for 

^^ ^ engine, there is one best speed. It is particularly fortu- 

^^^^ that it has been possible to run the engine to such a speed 

. ^-^^"t: the most efficient number of revolutions in terms of the 

^^^icated, as well as the brake, economy has been obtained. 

On looking at the diagrams, I am surprised to find that the 

^^-ixx per hour curve is a straight line. Although I have 

.^■^ *• had an opportunity lately of making tests upon an engine 

^^"^ilar to the one under consideration, I have made various 

^**^^8 of speed trials upon smaller engines, and have always found 

^ ^ ^ater per hour line to be a flat curve. To illustrate this point 

^ ^^ve prepared a diagram (Plate XXXV.) showing the variations 

^ B-feani per hour with speed obtained from a small engine in 
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the Glasgow Technical College. This engine had a cylinder 
6| indbes diameter and 12 inches stroke, and, for the triak 
illnsiratedy the admission pressure waa 60 pounds per sqnase 
inch and cut-off wa« at 0'65 ol the stroke. 

From Diagrams I, and III. (Plates XXX. wid XXXH.), H 
will be noticed that the steam per reyolution diminishes mtk 
mcreased speed. If the reason for this diminution. ^)iild be 
found, scToral of the mysteries connected with, steam ^Dgin^ 
theories would be solyed. It is obvious that part of the diminu*^^ 
tkfSk can be accounted for by the fact that, as the speed mcremBos^:^ 
the pressure at cut-otf is reduced by wire-drawing. Hie weigk^ 
of steam shown by the indicator to be present in the cylinder 
cutHoif would ilierefore diminish with higher revolutions. It 
well known that more steam passes through an engine ikma 
shown by the indicates- card, and tke important fact to dei 
isy does the difference between the indicated weight and 



weiJB^t of steam jactually used, diminish witii increase ol qpeed ^sJlf 
This can only be determined by measurii^ the indicator iianlwi Iflt 
and I think it will add to tiie value oi the paper if FrofasaissMBor 
Weigkton will either let us have the indicated weigkts at ^SsmBa^rmi 
speeds, or will publish some of the indicator cards, so that meniHcan- 
bers might calculate these weights for themselves. For tt^KIhe 
small engine to which I have referred, the indicated weightz*^ ts, 

and the difference between the indicated and actual weights -^ — 

called the " missing quantity " — will be seen in Plate XXXV ^^. 
Professor Weighton mentioned that part of the reducticza^ ^on 
in the steam used per revolution was due to lessened initi^i: ial 
condensation, but I am inclined to think that changes in il^-^^^e 
initial condensation of the steam will probably be of onZ-^cnly 
secondary importance. It can be shown that if the inside sk —^gAin 
of the clearance surfaces went through a temperature range ^^ 

T degrees, the amount of condensation per revolution will F be 

proportional to —j^ where N is the revolutions per minute. TE^JD^"® 



amount of condensation, therefore, for any given revolution:^ ^^^^' 
depends altogether upon the temperature range. If the ran^-^^^^*^® 
were equal for all speeds, then the higher the speed the less tMl^*^ *^^ 
condensation. It is generally supposed that as the speed in-^ ^' 
creases the temperature range of the metal decreases and thr^^-^*^® 
again will reduce the condensation. I am very doubtful whetlt^^^^^^ 
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lis diminution of temperature range does take place for all 
langes of speed. I have found from actual measurement that 
16 average temperature of the metal in the ports diminishes 
ith the increase of speed, even although the back pressure of 
le exhaust steam increases. It seems evident that this lower- 
ig of the temperature is due to the fact that the metal parted 
ith more heat to the exhaust steam on account of the iigher 
)eeds at which it was rushing over it. It is quite feasible, 
lerefore, to imagine that the incoming steam will give up more 
3at to this colder metal, and the probable result will be that the 
niperature range will be increased. As a matter of fact, the 
(W experiments made to determine the temperature range of the 
letal in a cylinder, showed that this range was so small that 
litial condensation on the metal could not be the great loss 
jnerally imagined. 

It is much more reasonable to suppose that the reduction 
L steam per stroke is due to the fact that the valve leakage 
as practically independent of the revolutions. This was first 
lown by Professors Callendar and Nicolson, and their results 
ave been in a great measure confirmed by the work of Professor 
apper. Since the leakage per hour is constant, then it follows 
lat the higher the revolutions the less will be the leakage per 
evolution. The steam per revolution will therefore diminish 
ith increased speed: firstly, because the pressure in the cylin- 
er at cut-off is less ; and secondly, because the leakage per 
jvolution diminishes. In a badly-designed engine with large 
nounts of exposed surface, it is probable that for some limited 
inge of speeds the reduced leakage may be more than counter- 
ailanced by the increased condensation. This appears to be the 
ise for the engine which gave the data for Plate XXXV., and 
will be most interesting to see whether the missing quantity 
Iways diminishes with speed for an economical engine like 
lat at Armstrong College. 

Turning to the effect of speed upon power, Plates XXX. and 
!XXII. show that the mean effective pressure in the cylinder 
iminishes with increased speed. This might have been expected 
•om our knowledge that wire-drawing losses increase with speed. 
iut the effect upon the brake mean-pressure is not quite so 
bvious, and it is interesting to find that there is such a marked 
icrease in the friction mean-pressure with speed. This could 
ot have b^ea determined except by experiment, and Professor 
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Weigh ton is to be coa(?ra tula ted for haTinir so raucli insisted 
upon measuring the brake horsepower. Forced lubrication 
would probably prevent this increase being so great. It may be 
interesting to the members to see how the power is reduced in 
another type of engine by increase of speed, and for this reason 
& diagram (Plate XXXVI.) has been prepared from the locouio- 
tive trials of Professor Goss. The diminution of mean pre^^sure 
with speed is here well marked, and for the sake of comparison 
the mean pre&ssures given in the paper for the triple expansion 
engine are shown on the same diagram. The locomotive from 
which these particulars were obtained bad cylinders diameter 
17 inches by 24 inches stroke, and for thia particular series of 
trials the boiler pressui-e wa^s I'^O pounds per square inch* and 
cut-off took place at tib per cent, of stroke. 

In conclusion, I cannot help i^marking that Newcastle 
district is to be congratulated on the possession of suet an 
experimental engine as that of the Airmstrong College. You 
are also particularly fortunate in that Professor Weigh ton uses 
theae engines to can*y out researches of commercial import- 
ance, in addition to teaching students the ordinary methods 
of fingine testing. Already ycm have had papers upon best mean 
pressures, best receiver drops, and the paper now before you 
is in importance a fitting continuation to those just mentioned. 
Each of these papers gives some definite information to designers, 
and, if properly studied, will be of the utmost value in the 
production of economical engines. 

Mr. W. G. Spence said — Personally, I find it difiicult to 
dissociate the usual conditions obtaining in marine practice from 
those stated in this paper. The conditions in the paper are that 
the pressure and cut-oflf are kept constant and the brake load 
only is varied, namely, a condition practically unknown to 
marine engineers ; it must, however, often be possible in winding 
engines, or a locomotive going up and down a slope. There are 
one or two points in the diagrams I cannot quite understand, 
although they are probably capable of simple explanation. A& 
some other members may be in the same condition of mind, "^ 
think it may be well just to ask about them. The first thing I fin. ^^^ 
a difficulty in is to understand the difference between the m^" 
pressure in the quadruples and triples. The steam pressure i^ikt 
both is the same; the vacuum is the same, and the expansioij^cr < 
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are nearly the same. There are roughlj^ about 15J expansions 
in the quadruples, and 14^ in the triples, yet the mean pressures 
vary considerably. At 1€0 revolutions the pressure in the triple 
is about 23 pounds and in the quadruple 18G pounds, and at 220 
revolutions in the triple you have a pressure of 18 pounds and in 
the quadruple about 15 pounds. It may be owing to the differ- 
ence in the quantity of steam due to the larger amount of clear- 
ance in the triple cylinder; but there is something not clear to 
me, and I should like that explained. With regard to the ques- 
tion of the speed of steam, which is one of the objects of the 
paper; in comparing the figures given with actual practice, the 
comparison is, I think, a very interesting one, and it results in 
this — that one feels, on examining this diagram, encouraged to go 
to higher speeds than one has been in the practice of doing. 

Take the triple engine. The pfjint of Jeast B.H.P. is at 158 
revolutions, and the speeds of steam given there are about 180 
for the high pressure, 195 for the intermediate and about 262 for 
the low pressure. These all appear high, and further, if you 
follow along the curve to the point where it really begins to rise, 
instead of taking it at its most efficient point you get a consider- 
ably higher velocity, and these velocities are a good deal higher 
than usually obtain in practice. May we infer that the velocities 
in practice are on the safe side? I notice in describing the dia- 
gram on the wall Professor Weighton referred to the low pressure 
steam velocity as if it was higher in comparison than the other 
two. As a matter of fact, I think, in comparison with practice, 
the low pressure seems to me — I am speaking of ordinary marine 
practice — the more nearly normal of the three. The high pres- 
sure, I think, is a much higher velocity in relation to ordinary 
practice than is the low pressure. There is one very important 
point in the paper, in that it seems to show that in the engine 
experimented on with fairly high steam velocities you can get, 
vhat is on the diagram, apparently the most efficient condition. 
Jn conclusion, I would wish to thank Professor Weighton for 
placing his very interesting experiments before us. 

The discussion was adjourned. 
The meeting then dissolved. 
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INSTITUTION DINNER. 

nnual Institution Dinner was held in the Great Hall. 
^ Colleg-e, Newcastle-npon-Tyne, on Friday evening, 
rth, 1908. The President, W. H. Dngdale, F/3q., 
E., occupied the chair, and was supported by the fol- 
ests and officers of the Institution: — The Right Hon. 
9y, Chairman of the Newcastle and Gateshead Chamber 
3rce; John Ward, Esq., President of the Institution 
?er8 and Shipbuilders in Scotland ; J. H. Merivale, 
1., President of the North of England Institute of 
ad Mechanical Engineers ; J. I). Twinborrow, C.E., 
sident of the Newcastle Students Association of Civil 
;; Captain Sir R. K. Arbuthnot, Bart., M.V.O., R.N. ; 
liral T. MacGill, C.B., R.N. ; the Sheriff of New- 
alter Lee, Esq.; John Gravell, Esq., Bureau Veritas 
>f Shipping; T. Foster King, Esq., British Corpora- 
ster of Shipping; Herbert Shaw, Esq., Secretary of 
astle Chamber of Commerce; E. H. Parker, Esq., 
of the luvstitution of Engineers and Shipbuilders in 
F. H. Pruen, Esq., Secretary of Armstrong College; 
Esq., President of the Newcastle Association of Fore- 
aeers; H. Campbell, Esq., Chairman of the Graduate 
the North-East Coast Institution of Engineers and Ship- 
N. Testrup, Esq. ; Sir W. T. Doxford and H. Withy, 
t-Presidents of the Institution; J). Andrew, Esq., 
Hunter, Esq., M. C. Tames, Esq., Jame^ Marr, Esq., 
veil, Esq., W. G. Spence. Esq., and Professor R. L. 
, Vice-Presidents of the Institution ; G. E. Macarthy, 
:iv.-i906, 19 
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Esq., Hon. Treasurer; Or. J. Carter, Esq., E. C. Champness, 
Esq., Alfred Harrison, Esq., R. Hinchliffe, Esq., D. R. 
Macdonald, Esq., G. Moffitt, Esq., D. Myles, Esq., J. L. 
Twaddell, Esq., and H. Walker, Esq,, Members of Council; 
Lieutenant-Colonel J. D. Christie; Professor »T. J. Welch; 
John Duckitt, Esq., Secretar>\ 

The following gentlemen expressed regret at not being able 
to attend: — Hia Grace the Duke of Northumberland; Sir 
Andrew Noble, Bart., K.C.B.; Admiralty: Sir Philip Watts, 
K.C.B., Engineer Vice- Admiral Oram, C.B., R.N., and Engineer- 
Commander J. D. Thomsett, R.N.; Lloyd's Register of Ship- 
ping: H. P. Cornish, Esq., and J. T. Milton, Esq; President and 
Secretary of The Institution of Civil Engineers; President and 
Secretary of The Institution of Mechanical Engineers; Presi- 
dent and Secretary of The Institution of Naval Architects ; Sir 
Isambard Owen, D.C.L., M.D., Principal of Armstrong College; 
James Robinson, Esq., Secretary of the Employers' Associations ; 
W. Boyd, Esq., Past-President of the Institution ; E. H. Craggs, 
Esq., Vice-President; Colonel R. Saxton White and G. D. Weir, 
Esq., Members of Council. 

About IGO gentlemen sat down to dinner. 

At the conclusion of the dinner, the President, without 
comment, submitted the toasts of ** The King " and " The Queen, 
the Prince nnd Princess of Wales, and the Rest of the Royal 
Family," which wore loyally drunk with musical honours. 

Sir W. THEonoKE Doxford proposed ** The Imperial Forces 
of His Majesty the King." He said — I have the important toast 
to propose of ** The Imperial Forces of His Majesty the King." 
I think we hero have special reasons for taking special interest 
in the Navy of this country. A large proportion of the most 
important vessels have been built on the banks of the Tyne, 
and many members of this Institution have been connected with, 
and responsible for, the building of other vessels belonging to 
the Royal Navy in other parts of the country, even in those 
built in the Government dockyards. Personally, I do not think 
we need fear that this country^ will ever take a second or back 
seat in ronnoction with the vessels of our Royal Navy either in 
number or efficiency. For this reason : that if any government 
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in this country were to attempt to allow the fleet to get below 

the two-power standard, that government would not remaLii in 

office very long. But though we may have no fear as to the 

number and power of our fleet, I rather fear that we may not 

be quite so strong in the future as regards the men. But that 

is a point that is very difficult for outsiders to judge. What 

I fear is that men may not be trained in sufficient numbers for 

the work they will have to do in case of need. Our fleet is 

increasing in numbers ; we require more and more men. Whether 

those men are being trained we do not know. Perhaps Admiral 

MacGill will be able to inform us, and many of us would 

feel more at ease if we- were assured- wo were going to have 

sufficient efficient men to man our fleet. We may take this 

warning to ourselves, that we should not have six months' notice, 

probably not six days' notice, when a war is going to begin. 

The other part of the toast, "the Army and Reserve Forces," 

is perhaps more difficult to deal with. We seem to be in a 

transition state, and the minds, even of experts, seem to differ 

very much upon what the army or the reserve forces should be. 

I am a member of the Territorial Forces Association for the 

county of Durham, but I must admit that I have not yet 

been able to arrive at the exact meaning of Mr. Haldane's 

scheme, or how far it is going to extend, or what the result 

is likely to be: but of this I feel sure, that unless Mr. Haldane 

or the Government of the country* is prepared to spe^nd more 

money on the reserve forces than they appear to be prepared 

to do at the present moment, there is little chance of the new 

scheme being the sncces*! it ought to be. I do not think that 

Mr. Haldane or the Government are attempting what they 

should. I think it !« only alwut 150,000 men that they are 

proposing to have. There is no difficulty in this country in 

getting ten times that ntirnber if they go about it in the right 

way and are prepar^-d to -pr-nd the money. In offering this 

toast, I do so feeling ♦•v*rj' as-uranre that wh<*n the time comes 

both officei-s and nnn in onr Navy, th*- Army, and the Kes<*rve 

Forces, will ri«ie to the offision. They will be Jible to do what 

they have done in th*- pa-t if the Admiralty, and e«^peeially the 

War Office, will orily giv»r them a fair chance. 

The toast wa- p.itriot'r ally n-eeived. 
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Ben r- Ad nil Fill T, MArGiLL* C.B., T*esiKmcling, saitl — T hnve 
thank yon on behalf of my spction of the forces. I was lie^itatinff 
fnr a moment as to what the Imperial Forces consiste*! of, Uni 1 
leave Colonel Christie to ansTPer that, I know of what they 
ought to consist. They ought to congi^t of the nianhooil of ih 
country, and there would he oo necessity for talking of this farne 
or that foree. The Imperial Forces should be point-ed to as \ht 
manhood of the count ry^ and if they could only do that. I am 
sure we would he better all round. At any rate, it vrould uot 
hnrt anybody to l»e trained from 18 to 25 years of age. I wa- 
present at a banquet f?onie years ago given to about 300 nuval 
officers by the Lord Mayor of London, and Lord OosrUfii. 
on rising to speak, said it wa.^ nc^t much good talking about 
the Navy to that as.^embly. They knew too much about it. I 
think I may say the same here, so I do not propose to say much 
about the Navy, The other day I saw Lord Inverclyde in ihf 
House of Lords, and he considered the private yards should \h 
all the Government shipbuilding and the Government yaH< 
should do all the repairing. Well, that sounds very fetuHJlik 
But is it so feasible? What do we see now here on the Tynr? 
Three first-class ships and ten small ships laid up. These wfn* 
worth about six millions of money, the Admiralty have gm 
difficulty in getting the money, and when they give their orcli 
they cannot get them carried out, I believe of these ten smi 
ships one of them is not here. She likes the air of Sheenn 
better, I do not know what it is about that place — ^whethi 
it is the view from Sheeroess, or the charms of Southend Pief — 
hut there is sometbing takes these small ships down that wfty. 
and she ha,s not come bark yet. However, when she does coOMii 
T hope she will get her M knots. It is a serious thing, jol 
apart, for the nation that they cannot get their orders complc 
T have no mandate from the Admiralty, but from a commouR%?'TCv^ 
point of view when the next order?* sCre given out, to where 
they go? Well, they will not come to the Tyne. because ^l» 
c-annot get them carried out. They will proliably try U\ do ^ 
in their own yards, and that is why they keep their yard* i^* 
for work, and why I do not conciir with Lonl Invefrljd 
saying that the private yanls should do all the buitdiiiif ai^<3 
., ;aavy yimh all the repairing. I see his point, but jii&t i^cm^i 
;/|bt?;piJ*t^*tii state of atl'aira. W'hatever the distress i« *" ^^ 
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castle now, I fear it will be much worse next year, because I 
feel sure the orders will not come this way. All I can say is — ^You 
g-ive us the ship's ; I think the Navy will understand how to 
handle them. 

Lieut. -Colonel J. D. Christie, V.D., also responding, said — 
This toast of His "Majesty's Imperial Forces always has a pro- 
minent position on such occasions as this, and it is no wonder 
that it is so. Nowadays, in peaceful pursuits, we occupy the 
leading position amongst the nations of the earth, and that it 
has become possible for us to do so is because of the greatness 
won for us by our army and navy in years gone by. And I 
think we have good reason to believe that in our army and 
navy to-day we have got as good material as we ever have had. 
But the machinery has become rusty and antiquated, and that 
is the re^ison for the new army scheme to which Mr. Haldane 
and his advisers have given so much attention in the past few 
years. By this scheme we are to have — as indeed we have now — 
an army — a small army, it is true ; but an army well equipped 
and well trained ; able to go anywhere and to do anything ; 
and we are also to have for home defence a territorial army, 
which will not possibly be able to have the training that it 
ought to have. Nevertheless, it is a scheme that deserves well, 
for it appeals to the patriotism of all ; and while every Briton 
has good right to be proud of his country and his ancestors, 
he also has a duty, and that duty is to take care that his country 
is kept up in the high position that it has won for itself. And, 
in spite of the Peace Conference, we have still to maintain 
our position by our strength. While, therefore, we have all got 
a duty, I would just like to mention two ways in particular in 
which I think all employers of labour can and ought to help. 
They ought to give all the facilities they can, for practising 
rifle shooting. For example, by having miniature rifle ranges 
in or near their works ; and they also ought to do what they 
can to give the men of the new territorial aimy as much time 
as possible to go into training when the annual camp period 
comes round. 

With these remarks I have the honour to respond on behalf 
of this toast. 
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Mr. Herbert B. Rowell rose to propose the toast of " The 
Trade and Commerce of the Tyne.'* He said — I have been hav- 
ing a nither warm time of it in my comer, as my friends have 
seen on a piece of paper in my possession the date 1400, and they 
fear I shall bo like the Scotsman one of them once heard who, in 
his speech, began at the year 1066 and went on year by year until 
he was shouted down. I am not going to go on year by year, 
but it is difficult to deal with this tojist of the trade and com- 
merce of the North-East Coast without going back to about the 
period that we see illustrated on the wall here (referring to a 
large mural picture of the Tyne and Old Newcastle). Newcastle, 
however, did first attain celebrity as a port in 1400, though, as a 
matter of fact, if my friends had looked a little further they 
would have seen another date — that of the earliest known ship- 
ments of coal, of which the records begin in 1300. About 300 
years after, that is, in 1603, those who controlled the trade had so 
far advanced in their ideas — they were so much more in harmony 
with some modern ideas — that we find them actually going into 
the matter to see how best to restrict the output to keep it below 
what was then considered the enormous total of 150,000 tons per 
annum to which it had risen. The other principal exports in 
earl}' times were salt and wool, wool being described by an old 
writer of the fourteenth century as ** the jewel of the realm." 
W(K)1 was at that time all shipped to Calais, and Newcastle was, 
I believe, the only port in the four northern counties from which 
it was allowed to be shipped. The business was so profitable that 
those who managed the trade in Newcastle used to bring the wool 
surreptitiously from further south and ship it as if it had been 
grown in one of the northern counties. About 1650 the coal 
trade really bogan to atlract ationtion, and a number of men 
from the south came here and put money into the collieries 
with the id<si of making \\u}\v fortunes. To one of these, who 
was called Beaumont, an old writer makes interesting reference, 
deseribiiifr liini as a man of ** great ingenuity and exceptional 
parts" who cnnie here with £•{(), (K)0 and some " rare engines'' 
by which lie pro])os(Ml to bore lor eoal with ii'on rcnls. He also 
])ropos(M| to haul it by small ponies instead of by hand sledges, 
and even to go so j'ar as to attempt to remove water from the 
pits, lie renijiined here two or thiee years and then went home 
** on light horse " having \oM all his money, thou<j:h he ot^rtainly 
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deserved a better fate. The output of coal has gone o^. develop- 
ing until it has risen to 17^ million tons, which was the amount 
shipped last year. Up to the beginning of this century the river 
in several places below Newcastle was only five feet deep at low 
tide, at the bar it was only seven feet, and the river froze so 
much then and at earlier dates that at one time the people who 
lived at Shields, near the mouth of the river, were often in 
danger of starvation because the Corporation of Newcastle would 
not allow them to have a market, and they had to come to 
Newcastle to do their marketing. Indeed, the hardship became 
so great that they petitioned the Government, pointing out that 
they were thus in danger of their lives from flood and from ice. 
The deepest place on the river seems to have been oif Bill Point 
where there was thirty feet at low tide, so that it seems to have 
been predestined as a place for battleships to lie. I do not know 
whether there is anyone here who can remember it themselves, 
but I can remember hearing my parents say that when they 
were young it was customary to picnic on Bill Point to gather 
wild strawberries, and for the lads to go rabbitting on the llabbit 
Jianks where the new Edward VII. Bridge abuts on the south 
side. The great improvement in the river began, of course, 
^ibout 1850. The River Tyne Commission was established sooner 
Uhan that, but it was then that dredging was taken seriously in 
liand, and rapid progress was made. The estimated total cost 
to improve the river so as to enable ships of the size of the 
"^* Great Eastern " to be built in it was something under a million. 
""The cost of the piers was to be £G(iO,UOO. Perhaps someone here 
^:;aii tell us what the cost has been, but I am under the impression 
^tat if any of us who are responsible for estimates in our own 
^works were as far out as that, our works would not go on very 
Hong. The amount of dredging that has been done is, however, 
^i very impressive thing. It represents about 120 million tons, 
zamd what that really means is that it is equal to six times the 
"%veight of the water that enters and leaves the Tyne at every tide. 
That is to say, if you reckon a fifteen feet tide from the piers up 
^o somewhere short of Blaydon, that volume of water is only a 
^ixth of tie weight of material which the Commissioners have 
:^einoved from the bed of the river. They have also established 
xvet docks of about 120 acres, and the staithes are being much 
improved, two of seventy feet having been built and one of eighty 
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feet beifig ia hand. It is only a few years since large ships 
built on tbe riTer bad to |^o into the dockft to get a certuiu 
amount of eoal shipped because there were no staithes in the 
river which they could go under, they bad then to come out of 
dock to take the re«t nf their bunkers in the river a& the dock 
iills were too shallow to allow them to complete in dock. The 
staithes, as I have said, are btuug pnt right, and I hopf* we may 
look forward to improvements in the dock silla aa welL I do 
not want to weary you with figures, but in 18*i3 there were 
18,000 ships eoniiug iuto the Tynt^ oi an average size of 17*> 
tonsj while last year thei-« were 1J3,000 ships entering the rivt-^r ut 
an average size of 700 tons, representing 9,000,000 tons as against 
3,00tK000 in 1863. At the end of hust year a ad the year before, 
ia *ipite of the bad shipping trade, there were* only four and ten 
ships i-espectively laid up. Without going into the development 
of other trades in thf- district, I think I ought to refer to ship- 
building. In 1862, when the British Association met here, the 
amount of shipbuilding in hand on the Norih-Ea«t Coast wiws 
57»OO0 tons, representing ordy ^38,000 tons of st^el, and employ- 
ing 8jOOO men. That has increased now^ to about one mil lion 
tons, which is half the ontput of the rest of Britain, and is a 
yeiy oa,ii.oia\^\AJiy auu oaiioiixiximi liiciociotj. Alitor all, iioTV-^ver, 
perhaps the best gauge one can have of the progress of an indus- 
trial district such as this is the increase of the population. At 
the beginning of last century there were 60,000 people in New- 
castle, Gateshead, and both sides of the river down to the sea, 
including North and South Shields, that is to say, fewer than 
there are now in Byker. That number has increased until now it 
is three-quarters of a million taking in Blaydon and Newbum, 
and I think we may take it that the trade of the district has 
increased in proportion. When the late Lord Armstrong made 
his opening speech on the occasion to which I have referred, he 
pointed out that the British Association had not been here for 
a generation and described the remarkable strides made in that 
period. Now, at this later date, we see still more remarkable 
progress ; and when we recollect that among us we have men in 
the prime of life who bid fair to leave as celebrated names as 
those of Lord Armstrong and George Stephenson, we may look 
forward to the future with as much confidence as we look back 
to the past with satisfaction. In that hope, Mr. President and J 
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gentlemen, I ask you to drink to the " Trade and Commerce of 
the Tyne and of the North-East Coast," coupling with the toast 
the name of Lord Joicey. 

The toast was cordially honoured. 

Lord JoiCEY replied. He said — I confess it is with some 
nervousness that I get up to reply to this toast before the very 
distinguished company which I see, for, as was so admirably 
brought to our notice by the gallant Admiral, if Lord Goschen, 
a most distinguished Chancellor of the Exchequer, hesitated to 
deal with questions regarding the Navy before experts, I feel 
sure that I, as an ordinary commercial gentleman, have some 
hesitation in dealing with such a toast as this before all the 
experts of commerce that I see around me. I presume I am 
asked to reply to this toast because I happen to be in the honour- 
able position of President of the Chamber of Commerce of New- 
castle and Gateshead. Well, from my earliest youth I have 
been very closely associated with the commerce of this district, 
and while I do not pretend to be able to speak with regard to 
it as well as many that I can see before me probably could, yet 
I will yield to none, I think, in the interest and in the energy 
that I have given to assist the commerce of this district during 
my lifetime. The city of Newcastle contains one of the most 
successful commercial ventures perhaps which exist in this coun- 
try. I allude to the great works of Sir W. G. Armstrong, 
Whitworth and Company, and we who have watched the growth 
of that great concern from day to day recognise that the ability, 
the energy and the success which have attended the efforts only 
show to us what can be done by north-countrymen when they 
put their backs into it. We had Lord Armstrong, who with 
his partners, established these works, and have given them a 
position second to none in the world. We have now Sir Andrew 
Noble, than whom there is no better example of a capable 
and successful shipbuilder in any part of the world, and I am 
sure that we all recognise the great prosperity which has always 
attended that concern — a prosperity which all we gentlemen 
who are in fluctuating trades envy very much. If we could 
only carry on business with the same certainty of success and 
financial results as Sir Andrew Noble does his, I think we should 
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rUl be much happier to-Ei^ht ; but uiiiortunately we are in speeu- 
lative business, with flurtuatioiia, bec^iuse we have the ebb and 
flow tide. We c^imot alwaya ^ee when tho flow is beginning, 
but when we get to high tide uafortuiiately we see the ebh 
take place, and the ebb is of ten aa great as the flow, I think 
that during the la«t two or three years all of us have had retisoD 
to be satisiied with this toaat, because nearly all our induslrie* 
have been prosperoua. We have, of course, the two chief trades, 
the iron and coal traded » twid we have the shipbuildingr trade. 
Then we have the cbemieal mdiijjtries, cement works, and variotis 
other concerns, aJl of which I think baire met with a very fair 
me-asure of prosperity during the last two or tbree years ; and 
tbe best test of that, which I always think is a good baronietef, 
is what we see in the tratiicti of our great north-eastern railway 
system. Depend upon it, when you see the traiHcs going up 
by leaps and bounds, one week beating another, and going on 
for two or three yeurs^ you may rest assured thtvt the gcueniJ 
prosperity of tbe district is good, and when you End these begiii- 
ning to go buck you find tbat proBperity h beginning to wajie. 
Last yeai'— and 1 speak as a A' orth- Eastern director— show tJ<l 
dveiy week, almost witbont exception, a great increase. I ujh 
soiTy to say since the new year turned we began to get iato 
some decreases, and it looks very much as if these decreases are 
going to continue ; which shows clearly that we have been 5*t 
high tide in our prosperity in the district, and we may look 
funvard to some sort of ebb. Well, that is a very unpleasau* 
view, but 1 feel sure that we north-countrymen who have been 
accustomed to see these great changes in our commerci^' 
remembrance, will realise that after all we must t^ke the ^^^ 
with the flow, and as certain as au ebb takes place, so cert^^^^ 
will the tide turn, and we will have the corresponding flow wbi^^ 
brings [)rosperity to the district. 1 am not going to propb^^-^ 
how long it will be before that flow takes place. I only h^V^ 
the ebb may be a shoit one, and that in a short time we ixx^)' 
see a gieat revival of prosperity such as we have had during ^^^ 
hist two years. Well, I am speaking now chiefly to sb-^P' 
builders, and engineers connected with that industry. I ^^ 
imagine each one of you in your minds saying, *' Well, tb^^ 



I 




INSTITUTION DINNER 251 

a good time owing to the cost of our production, and things 
are looking anything but promising for the future." I am 
not only interested in the coal trade, but largely interested in 
the shipping trade, and I regret to say that during the last 
one or two years things have been in a very unsatisfactory posi- 
tion. Freights have been extremely low. With regard to 
shipping, costs have been high, and at the end of a voyage 
I find there is very little left indeed to pay interest on capital 
invested in my ships ; and what has been my experience I think 
will have been the experience of most shipowners of this dis- 
trict. Can you be surprised under such circumstances that you 
have a want of orders in connection with your shipbuilding? 
Shipbuilding and shipowning depend upon each other; and 
depend upon it if shipowning is prosperous, if freights are good 
and profits large, you will find shipbuilding soon follows in its 
wake, and they are so closely allied that if shipowning is un- 
prosperous you soon begin to find yourselves in want of orders 
for your shipbuilding. I was much interested to-day in looking 
over some back numbers in regard to freights, and I will just 
give you two illustrations to show how things have changed 
in the last thirty years. In 1873, freights to Genoa were 17s 9d. 
To-day, they are 6s. 3d. ; that is, the outward freight, and I 
am sorry to say the homeward freight is practically just the 
same. So you will see, notwithstanding the larger vessels and 
the more economical working of our ships, freights are so low 
that really at present there is no inducement whatever for anyone 
to go on building ships. Then take the case of the freight 
to Hamburg. In the year mentioned it was 6s. 3d. It is now 
3s. 3d. When you consider that 3s. 3d. has to bear all the 
cost that was borne by the 6s. 3d., you will agree with me that 
there is not much inducement at the present time to build ships 
for these various trades. I am extremely sorry to find that there 
is some difficulty in the industry of shipbuilding. You have 
,got a strike on. Well, I have had some experience of strikes. 
I hate strikes. I hate wars of all kinds, whether industrial 
or otherwise ; but I am one of those people that sometimes 
Tealise that, bad as strikes are, bad as wars are for the com- 
^nunity, it is sometimes necessary to go in for them, and if a 
strike takes place, I think it is the duty of everybody, not only 
t;he capitalist or the employer, but the workmen, to consider 
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whether it is in the interest of the community at large that 
that strike should go on. You cannot expect an employer or 
capitalist to carry on a business if he feels sure that by caiTying 
it on he will continually lose. All interests are combined in 
connection with an industry ; and if that industry is to be cairied 
on at a time of depression eveiybody associated with it must 
bear their fair share of the burden. However, I hope that 
good advice, and that any conferences that may take place 
hereafter, will result in a satisfactory arrangement of this un- 
fortunate industrial dispute. I wish I could say that if it 
were settled there would he work for all, and that things will 
go on prosperously in the particular industries of shipbuilding ; 
but I am afraid, and you will gather from what I have said 
that so far as I see, it looks as if we were in for a period 
of depression, and depend upon it it will be with us as it 
is with every other producing country in times like these — it 
will be the person or the firm or the country which can produce 
the cheapest and best which will stand the depression best. I 
cannot help thinking all you experienced gentlemen realise that 
as much as I do, because I know cheap production is more likely 
to bring prosperity back from a time of depression than any- 
thing else. I remember one gentleman talking to me about 
the coal tax, and I said, " Let me be the cheapest producer 
of coal in the world and 1 will fight the world." If you can 
be the cheapest and best producer of ships, you need fear no 
competition from any part. 1 was told I must not speak long, 
but I have been very much interested indeed with what the 
gallant Admiral (Admiral MacGill) has said. I do not quite 
agree with him with regard to the orders given by the Govern- 
ment. I think we have spent a great man 3^ millions in connec- 
tion with the Tyne. We have some of the best shipbuilding 
yards on the Tyne, qualified to turn out the very best ships of 
war that the nation, or any nation, can reciuire, and I think 
that the Government ought to give us a good and a large share of 
their shipbuilding work. I remember some years ago going down 
to look through one of the dockyards, and in looking round I saw 
they were building a ship in that dock. I said, *' How does it 
happen you are building a ship in that dock ?" " Oh," they said, 
** we had not room." I said, *' What will happen if you had to 
repair vessels ? Supposing we get to war, how will you put your 
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ships into dock if it is occupied ?" I think it is a j^eat mistake to 
so cram the dockyards as to pnt them into a position that in a time 
of emergency they could not nse them. Why should they not 
give .such orders to the Tyne, or the Clyde, or Barrow? I see 
no reason. I think the dockyards in this country should be 
chiefly repairing dockyards and not building dockyards. Both 
the late Government and the present Government are going 
to establish a large dockyard at Bosyth. No doubt they say 
it is necessary because we have not a dockyard on the East coast. 
Well, it may be necessary, but I am not in favour of establishing 
a dockyard the same as at Portsmouth. Here are these places 
established simply on one industry. Any shortage, and they 
have to discharge men. There is no occupation for them. 
They have to leave their own localities. Look at the position 
of the Tyne. We have always available large numbers of the 
most skilled and expert workmen who, if they are discharged 
from a dockyard, can find employment elsewhere, and I think 
it would have been of great advantage to have had a dockyard 
established in this district. When you consider the amount of 
taxes paid on Tyneside we have a claim on the Government to 
give us the work. I have tried again and again to get the 
costs of this dockyard building. They have given me the gross, 
but I could never get the price. I should like to get the 
establishment charges, and I am sure the cost of building these 
vessels in our dockyards will not compare with the price paid 
here. I do think that the Government, and particularly in 
these days, when there are such claims put forward in all 
localities to have some portion of the Goverament work, I cer- 
tainly think that such a district as Tyneside, where we pay an 
enormous sum in taxes, has a much greater claim than such 
places as Chatham, Sheerness, and Portsmouth, which simply are 
Government dockyards. I do hope that at the next meeting 
of this kind you will look forward to the future with a much 
brighter expectation than I do to the next twelve months. 
Things do not look well. It is no use disguising the fact. I 
feel sure that so far as holding our position on. Tyneside is 
concerned, we have got excellent workmen in this district, we 
have got enterprising capitalists, we have got the most skilled 
men of every description, and I am certain with fairplay Tyne- 
side can hold its own against any district in the country. 
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Professor R. L. Weighton gave the toast of " Kindred Insti- 
tutions." He said — The Institutions referred to in the toast 
comprise the Institution of Civil Engineers, the Institution of 
Naval Architects, the Institution of Engineers and Shipbuilders 
in Scotland, the North of England Institute of Mining and 
Mechanical Engineers, and, I would venture to add, the Institu- 
tion of Marine Engineers. These Institutions are represented 
here to-night, and we look upon them all as having aims iden- 
tical with our own, and as carrying out those aims by similar 
means, namely, by meetings, and for the reading and discussion 
of papers by members. The utility, and, indeed, necessity, for 
such institutions will be obvious after a little consideration of 
the nature of engineering as a pursuit. I use the word engineer- 
ing in the widest possible sense, as including not only engineer- 
ing proper, but naval architecture and every branch of applied 
science baaed on the laws of natural philosophy. There is a 
definition of engineering which was given many long years ago, 
and I, for one, have never seen a better or a more general. It 
was said to be the art of directing the great sources of power in 
nature for the use and convenience of man. You could not have 
a better definition than that, and that is the sense in which I use 
the word : but since this definition was given I think it will be 
generally ronooded that engineering is no longer a mere art. 
It is essentially a science, and one of the principal character- 
istics of true science is progrossivoness. The extent to which 
engineering can be applied, therefore, is only limited by the 
progress of science itself. Now, one of the essentials of all true 
progress in this world is that we should have intercourse between 
mind and mind. Hence we see the reiison why such institutions 
as those rofoirod to serve a very useful, indeed, a necessary 
purpose. It so happens that on this North-Eastern coast of 
England wo wore rather late in thus taking advantage of the 
bonofifs <() be derived from meeting together and discussing dif- 
fercTii ])ol!it< of a torhniral characler. Indeed, of nil the institu- 
tions T have ineniionod T think T am right in saying we are the 
yoniij^rost but one, and this fact efihances the pleasure and satis- 
farlion wo f(»ol in wolconiing tho represontatives of older institu- 
tions- -institutions that have been in existence longer than we 
havo. Wo look npon th<'ni o?h^ and all as our allies, having the 
same interests and tho same aims; engaged as wo are in the 
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never-ceasing and the ever-successful and ever-widening en- 
deavour to wrest from Nature her secrets and apply them in the 
world's work for the betterment of the lot of mankind. We have 
with us to-night a representative of one of the oldest of these 
institutions — the Institution of Engineers and Shipbuilders in 
Scotland, with whose name I am to couple this toast. It seems 
a verj' fitting matter that Mr. John Ward should preside over 
the Institution of Engineers and Shipbuilders in Scotland, 
representing, as he does, that old and renowned shipyard, 
Denny's, of Dumbarton. I shall ask you to raise your glasses to 
the success of '' Kindred Institutions," and to the welfare of Mr. 
Ward. 

The toast was drunk with enthusiasm. 

Mr. John Ward, in reply, said — Tour President, when in 
Glasgow as our guest at our annual dinner two months ago, paid 
us the compliment of replying to this toast. You in turn have 
paid me the compliment of coupling my name with it to-night. 
For your sakes, I wish it were in abler hands than mine, to do it 
the justice it merits. It is a subject well worthy of the great 
cordiality with which you have received it, as in the efficiency of 
the life's work of the members of this and kindred institutions 
largely depends our continued prosperity and supremacy as a 
nation. Our Institution of Engineers and Shipbuilders in Scot- 
land celebrated its jubilee last year, and the story of these years, 
representing the second half of the century of marine engineer- 
ing and steam navigation, is both interesting and instructive. 
It is one of hard work and hard thinking, carrying with it the 
assurance, which your own kindred institutions have also made 
clear and manifest — that we are never halting, but going on to 
greater efforts and results than have yet been attained. We may, 
I think, fairly claim that Watt's improvements on the steam 
engine, unceasingly perfected from then till now by many workers, 
are the foundation of all the changes that have taken place in 
the naval architecture of this and other countries, and in the 
accomplishment of which the Clyde and the North-East Coa.«<t, 
as shipbuilding and engineering centres, hold a high and 
honoured place. At a meeting in Glasgow a fortnight ago, in 
replying to a somewhat siiiiilar toast to this, I gave some figures, 
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whiVh I may he pardoned for now i^peatiiigf, as bearing on tlie 
subject- Within thirty years from the startinjt of the little 
steamer " Comet," m 1812* when steam shinbuildinj^ in this 
country began, radie^l chanj^es in shipbuilding and in the modes 
of propulsion took place. lu 1837 the first iran vessel made it^ 
appearance in Lloyd's Rej^ister, and in 1840 the screw propeller 
mnde it^ first experimental trial in the *' Archimedes*^ round the 
c.oa^t of Britain. By 1838, river, coast and channel steam trades 
vera fairly established. In that year there were only 2^10 mer- 
chant vessels over 500 tons belonging to Greut Britain , and only 
one iron vessel over 50 tons register. That one iron vessel was 
the beginning of the evolution in naval architecture which leaves 
us to-day with '* Dreadnoughts/' *'Mauretanias '* and "' Lusi- 
tanias." These figures will give the best idea of the growth of 
our merchant service since the introdaction of steam power. 
These are taken from Lloyd's latest volume, and do not t^ke any 
account of craft under BOO tons. I find that at the middle of 
1907 the British tonnage registered was as follows;-^ 

708 vessels between 600 and 1,000 tons 



1,258 




1,000 ,, 


2,000 


1,058 




2,000 „ 


3,000 


1,267 




3,000 „ 


4,000 


637 




4,000 ,, 


5,000 


352 




5,000 „ 


7,000 


150 




7,000 ., 


10,000 


57 


, over 




10,000 



This last figure does not include the " Mauretania " and " Lusi- 
tania," and of the fiftj^-seven, many, of course, are a good way 
over the 10,000 tons, several indeed more than double that 
figure. Our Glasgow Institution has professional records of the 
work of our own members for the past fifty years, and your own 
for about half that period ; but the story of the development 
of steam navigation and marine engineering during the whole 
century is a most fascinating one. It was in 1807 that the 
" Clermont'' commenced running in America, and th^ " Comet" 
made its appearance on the Clyde in 1812. The first steps wct^ 
feeble and imperfect, but, thanks to the worthy successors ^. 
Watt and Fulton, they gradually grew in strength and firmn« 
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facing and overcoming successfully the inevitable infantile 
troubles of which the gauntlet had to be run, then reaching in 
time the fuller strength of vigorous youth, and passing on un- 
haltingly to years of maturity, until at the end of a century 
we see the great advancement in dimensions, speed, luxury and 
turbine propulsion in these floating palaces, the " Mauretania '' 
and ** Lusitania.'' As to whether these great Cunarders mark 
finality in dimensions — this is a problem more for the ship- 
owners than for us. We as builders and engineers can see no 
finality. The question resolves itself into one of whether owners 
can secure such a letum from the use of these large high-speed 
vessels as will make them pay their way, and whether port 
authorities in the different parts of the world are prepared 
to provide accommodation of water, etc., as will '* house " such 
cumbrous visitors. Our production on the Clyde shows a steady 
increase, taken over a series of cycles of years, as the following 
figures will show: — 

1861-1870 1,367,286 tons. 

1871-1880 2,116,507 „ 

1881-1890 2,965,962 „ 

1891-1900 3,849,207 „ 

1901-1907 (7 years only) 3,652,316 ,, 

I regret I have not similar figures for the output of the North- 
East Coast, but certain I am that, if not equal in quantity, 
it will compare favourably both in quality and variety. At the 
present moment, both on the Clyde and in this industrial centre, 
a great dullness and depression in trade has taken place, and 
there is little or no appearance of a silver lining to dispel the 
dark cloud at present hanging over us. In this district the 
gloom has been accentuated by labour troubles, all the more 
regrettable because the depression, so real and apparent, can 
be seen by any one caring to use his eyes. There may be busi- 
nesses in which orders can be concealed or kept back for a length 
of time, but in shipbuilding, with delivery dates asked by owners 
and promised by builders, to which heavy penalties for delay 
are often attached, this is not possible. The laying of keel 
blocks and getting structural material into the yard are matters 
ivhich can be neither hidden nor delayed. That the present 
depression in our trade is both real and great is patent to every- 
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one, and that those engaged in some of the branches should 
have refused to accept the facts, and what they involve while it 
lasts, is a matter for sadness and i-egret. I hope the mutual 
spirit which masters and men have been trying to cultivate in 
recent jears, through meetings in conference, will, despite 
rebuffs, be again soon in evidence, and speedily dispel the 
prescmt strife. It is impossible for me to mention the names of 
those men of kindred institutions, who have by their genius 
and practical skill made so much that seemed unattainable 
possible, and whose labours in branches outweigh our own — in 
railway and bridge work, in hydraulics, electricity, mining, 
mechanical, civil and sanitary engineering — made nearly all 
parts of the world accessible to man for residence. Their names 
are many, and, while not written on the " scroll of fame," they 
have, both at home and abrcKid, nobly done their part in works 
and deeds that have helped to make our Empire. Of our own 
great genius, James AVatt, we are naturally proud. His birth- 
place has made our river Clyde famous, and we who work on its 
banks have a personal pride in it. With the remembrance of 
what your own great geniuses- George Stephenson for railways, 
and the Hon. 0. A. Parsons tor marine propulsion by his tur- 
bines invention- -have acccmipHshed, you on the Tyne have also a 
right to cherish their names with h(mour and affection as bene- 
factors of mankind. Indeed, like that of Watt, their names in 
all the coming years need no monument of perishable materia) 
to perp<»tuate theni, as through their brilliant inventions they 
will be as lasting as that element which in different ways they 
hiive subdued to the use of man. In this and other countries 
givat progress has been made in, and encouragement given to, 
nvsearch work, the results of which are recorded in the Trans- 
art ions of this and other kindred societies, and I am certain that 
through the growing interest and incentive given to work of 
this nature greater results will be achieved in the future. 
Regions of growth lie before us yet untravelled; what dis- 
coveries are in front of us who can foresee? As far as the 
younger men are concerned, there never was a time when induce- 
ments to unselfish living and high endeavour were more numer- 
ous than now. Th(» work of this and kindred institutions must 
soon be left to them, as we, the seniors, fast wearing to the west- 
ward, must lay down the industrial banner which we have tried 
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to plant high on the ramparts of progress. Only this week you 
have had sudden and startling proof of this in the unexpected and 
unlooked-for death of a notable standard-bearer, your esteemed 
ex-President, Colonel H. F. Swan, whose remains are to be taken 
to their last resting place to-morrow. It was my privilege to 
have known him for over forty years, and few men during all 
that time have done more for the prosperity of your river, or for 
the advancement and progress of shipbuilding and engineering 
on its banks, than he accomplished. His loss will be keenly felt 
and deeply deplored, and nothing save kindly memories will be 
cherished by colleagues and friends long and closely linked up 
with him in professional work, and in the life and ambitions 
of the famous firms with which he till the end was so honourably 
associated. In lifting these banners, therefore, and carrying 
them forward, let our successors not forget that one of the things 
they cannot buy on credit is experience ; but associated together, 
not in a narrow or selfish spirit, but in broadmindedness of ser- 
vice in the performance of duty, learn by our failures what to 
avoid, and, with high aims and ide^ils animating them, ever liv- 
ing and working so as to gain fresh renown for our profession 
and our country. Our hope and belief is that in their work, and 
through the efforts of this and kindred institutions, they will 
prove a greater and larger power for good in science, industry, 
and the general comfort of mankind than we, their seniors and 
predecessors, have been. About twenty-five years ago, when on 
a visit to the North-East Coast with my partner, the late William 
Denny, after coming from Saltburn to Jarrow, we wanted to get 
to Newcastle. Not knowing the way to the station, I asked a 
workman standing close by in which direction it lay. He was 
evidently having a holiday, as he said in reply : " AwVe gotten a 
sup o' drink in, an' aw canna speak plain, but aw'll gan wi' thee 
an' show thee.'' Well, gentlemen, by and through this Institu- 
tion and your Armstrong College and higher technical schools 
and classes you have been nourishing the rising generation with 
abundance of scientific and technical meat and drink; and in 
the great work of this famous river, culminating in the " Maure- 
tania," you have gone with us, and shown us what high aims, 
steadfast purpose and resolute will, together with scientific skill 
and knowledge, can accomplish. 
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Mr. J. H. Merivale, President of the North of England 
Institute of Mining and Mechanical Engineers, proposed the 
toast of " The North-East Coast Institution of Engineers and 
Shipbuilders." He said — I feel myself in an exceedingly awk- 
ward position after the remarks that have been made by Lord 
Joicey upon the necessity of reducing the cost of production, and 
it seems to me absolutely bare-faced for any gentleman connected 
with the Institute of Mining and Mechanical Engineers, so in- 
timately associated with the coal trades of Northumberland and 
Durham, to have the impertinence to propose your good health 
when we are about to re-organise our pits upon an eight hours' 
day, bringing, I believe, one of the greatest blows to the indus- 
tries you represent that they have ever received. I would not 
have ventured to appear before you as the proposer of this toast 
were I not in a position to assure you that there are no persons who 
have more strenuously opposed the carrying out of this proposal 
than the coal trades of Durham and Northumberland. I believe 
if you, the consumers, had wakened up a little bit earlier to the 
injury that the Eight Hours Bill would do you, and had backed 
up the coal trades in their opposition to it, we should not have 
seen this proposal so far advanced in the House of Commons as 
it is at present. I must not, of course, make any remarks upon 
the political side of this question, but as it is one in which your 
health is interested I may say a word or two on its commercial 
side. I should like the more to do so as the consumer, it appears 
to me, does not yet realise what this proposal means. The con- 
sumers are now tending deputations to ministers and letters to 
the papers, and almost without exceptirm they go upon these 
lines- they say the cost of production will be put up by so much 
per ton; our industry consumes so many million tons; they 
then multiply one by the other and say, ** that is the injury that 
this liill is going to do to us." It is m(^st important to dis- 
criminate between an Act of Parliament which is merely 
going to put up cost of production and one which is going 
h) decrease the supply of a prime necessity like coal. 
It is Jiot so nnich the increased cost as the fall in pro- 
duction that is going to hit you. The demand for coal in- 
crea.ses year by year and this district has barely managed to 
meet that increased dennind, as the present high price of coal 
bears witness. The sudden and heavy fall in supply which must 
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necessarily follow the coming into force of an eight hours' day, 
will create a famine and put up prices quite out of proportion to 
the increased cost of production. You may naturally say, if the 
increasd price will be so much more than the increased cost of 
production, why is the coalowner so vigorously opposing this 
Bill? The reason is plain. The coalowner is long-sighted, 
and he knows a reaction will follow, and that this reaction will 
cost him far more than ho has put into his pocket during the 
two or three years after the Act comes into forqe. It is im- 
possible to say what the ultimate result of this legislation will 
be, but I believe it will result in the importation of coal from 
foreign countries. I have committed myself before the Miners' 
Eight Hours Day Committee to say that it will come from 
China. Why not? Labour is cheap there, coal is plentiful, 
and you gentlemen, spurred on by dear coal, will devise improve- 
ments reducing freights. I believe we shall see the proverbially 
impossible, the carrying of coals to Newcastle, come to pass. 
What is the remedy for this ? I think it is tersely put in the 
motto of this College, Mens agitat moJein ; and it gives me great 
pleasure to know that you have recently established a Chair of 
iXaval Architecture here. I can wish nothing better for this 
chair than to hope it may be as successful as the Chair of 
Engineering, so ably filled by my old friend and colleague, 
Professor Weighton. There is another point upon which I 
should like to congratulate you, and that is upon the fact that 
you are about to return to the old nest. I am sure nobody will 
deny that the Literary and Philosophical Society is the parent 
of every philosophical and scientific society in the North of 
England, and it is with pleasure I see these buildings being 
erected which are soon to be occupied by you, and which will 
house under the same roof these three important Institutions, 
the Literary and Philosophical Society, the Xorth-East Coast 
Institution of Engineers and Shipbuilders and the Institute of 
Mining and Mechanical Engineers, to the great advantage, I 
believe, of all of them. Gentlemen, it gives me great pleasure 
to propose the health of this Institution, coupled with the name 
of your President, Mr. Dugdale. 

The toast was heartily honoured. 
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The Peksibent (W, H, Dugdale, Esq.), in reply, said— Ituvp 

to thank jou wry sincerelj for tlie very kinil and cordial muu- 
nt*r in which you have received this toast, and as time i*i ruaninif 
on so quickly and one of our frit^nds has to calch u tram, I 
must alter the toast list somewhat, and therefore will not detaiti 
you more than two or three minutes. I wouUl like agauj m\ 
only to thank you, hut also, m this is the last time 1 shull luvt^ 
the honour of being in this chair, take the opportunity of thauli* 
ing the Council and members of the Institution for the sym- 
pathetic support which they have accorded to me during my 
term of office. There is one matter which has ah-eady been 
referred to by my fiicnd Mr. WanK but which I must stgaiii 
mention, namely, that during this session we have, iinlnrtiiu- 
ateJy, lost two of our past-Presidents. First, we lost Mr. lioliert 
Thompson^ who was one of the founders and original meml)<^i> 
of this Institution, and who was for two years the fifth Presi- 
dent ; and only tvTO or three days ago we lost Colonel H* F, Swan. 
I am sure we all deplore their loss, and can only hope that 
the work which they instituted will act as an incentive to un up 
follow in their footstep.s. Our session haa been a very successful 
one, and w*e have increased our membership by 67 , so thiit otir 
total number is 1,112. We have also been well supplied vTith 
papers, and some of them have been not only interesting but \i^^- 
wi^e very iiietmctive, because we have hatl the oppoilniiK^ 
of obtaining papers upon subjects which ai*e of importance to ust 
and which have not yet arrived at the text-book stage, 1"'"' 
instance, we have had a paper u|>on ** Torsion-meters '" ; also oD<f 
from Professor Weight on on ** Piston Speeds and Steam Engiti^' 
Economy," which is an analysis of some experimeulH tha^t 
have been conducted on the experimental engine in Arm&iroug 
College, and we are just about to have another one on a ii^* 
system of ship framing, which is being carried out at MithO'*^' 
brough. These subjects are useful and instructive^ and ^h^»* 
that our institutions ait* not merely debating societies, hut mc^* 
for the diffusion of ^rieutific knowledgCj and then,*foro ^ 
great ussistiince to nirr younger niemheni* And that h ^^^ 
our Council ha^ this year tlecided to offer a scholarship to *^ 
apprentices whtj are connected with our engine works and ^^^ 
yards, in order to encourage them to a<r*iuire a better kiiowl^*!* 
of engineering, and aUo to become members of thi.!t T' 
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I sometimes think that we do not quite sufficiently realise the 
importance of our scientific institutions, although Professor 
Weig-hton and Mr. Ward have just referred to it. There was 
very little industrial progress until the inception of scientific 
institutions. And the progress of engineering in this country 
only dates from about the time of the incorporation of the Koyal 
Society ; since then it has gone on more or less by leaps and 
Iwunds ; and it is to the scientific institutions of this country 
that we must look henceforth for the maintenance of our in- 
dustrial supremacy. As scientific institutions we have no poli- 
tics, and therefore we are able to take up from time to time 
subjects which are of national and even of international import- 
ance. For instance, among other subjects which this Institu- 
tion is considering at the moment in conjunction with other 
engineering institutions is the training of engineers for the 
mercantile marine. We, as engine builders, feel that we ought 
to have a voice as to the proper training of engineers who have 
charge of machinery which we construct and place on board 
steamers, and therefore that question has been taken up with 
the object of approaching the Board of Trade upon the subject. 
I might go on and point out several other matters which we at 
present have under consideration, but, as I have just mentioned, 
time forbids it, and I must therefore alter our toast list and ask 
Mr. Harrison to propose ^* Our Guests," and again thank you for 
the cordial way in which you have proposed this toast. 

Mr. Alfred Harrisox, in submitting the toast of ** Our 
Guests,'' said — The toast I have the honour to propose is one 
that I am sure every member of our Institution present here to- 
night will be glad to join in most heartilj^ — it is the toast of 
'* Our Guests." It has been a great pleasure to have had them 
with us; we have thoroughly enjoyed their company, and we 
hope they have spent a pleasant evening. We thank them for 
honouring us with their presence to-night. We thank Lord 
Joicey, Mr. Ward, and the other speakers for their excellent 
speeches, and especially for the kind wishes they have expressed 
on behalf of our Institution. To all our guests we wish good 
health and prosperity, and I therefore give you with great con- 
fidence the toast of *' Our Guests." 

The toast was received and drunk with enthusiasm. 
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Mr. J. D. TwiNBERRow, Pi-esident of the Newcastle Students' 
Association of the Institution of Civil Engineers, replied. He 
said — The duty of responding for the guests is robbed of one 
half of its terrors bj^ the genial brevity with which the proposer 
of the toast has dealt with the matter. The character of your 
entertainment has also ensured a feeling of thankfulness, so that 
the only difficulty remaining is to find fitting phrases to give 
voice to the sentiments with which you have inspired your 
guests. Speaking for myself, I may say that I feel a consider- 
able diminution in the fineness of my lines since I came into 
the hall this evening. If it is not quite apparent that my block 
co-efficient of fineness is approaching the value of unity, still I 
think it goes without saying my displacement would ensure the 
immersion of the Plimsoll mark at least to the summer weather 
load-line. Be that as it may, I hope I may manage to get to 
port this evening without needing the application of Schlick's 
gyroscope or the fitting of bilge keels, in order to reduce the 
angle of roll. It is pai-ticularly gratifying to the civil engineer 
in the pursuit of a branch of his pn^fession on terra fimuty to 
associate with naval architects, particularly when they are mem- 
bers of the North-East Coast Institution, who, by their energy, 
perseverance and ability have been the moving spirits in those 
large enterprises which have carried the fame of the Tyne, Wear 
and Tees to the ends of all the earth, and made the names of our 
northern rivers ** familiar in our mouths as household words " 
to all who " go down to the sea in ships, and do their business in 
the great waters." The hour precludes the expressi(m of all the 
feelings engendered by the pleasant and instructive evening spent 
in your company, but, as a lay observer, 1 would like to say 
how deep is my admiration for the works of the naval architects 
on the North-East Coast. Their chief aim appears to be the 
solution of the problem of passing a quart measure into a pint 
pot. I cannot solve the mj'steries of their craft in manipulating 
the relationship between net register tonnage and actual carry- 
ing capacity. I have no doubt that during the present time 
of depression where the actual productive industry is somewhat 
slackened, the naval architects will be utilising their enforced 
leisure in striving for still further achievements in that direc- 
tion, and we shall shortly find that shipowners are being given 
vessels by which they will be entitled not only to escape the 
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payment of all tonnage dues, but to receive a considerable bonus 
from the controllers of those ports, rivers and harbours which 
they patronise. I thank you sincerely on behalf of myself and 
(►ther guests for the entertainment j^ou have provided, and for 
the pleasant evening you have given to us. 

Mr. Summers Hunter submitted the toast of *' Arm- 
strong College," and in doing so said — The toast I have the 
honour of giving you, although the last on the list, is, I feel 
sure, not the least important. The time compels me to cut my 
remarks short. The toast is that of '' Armstrong College." 
By the courtesy of the Principal and the governing body of the 
College we are here to-night, and you will agree with me it is 
very fitting that such a gathering should bo held in this hall. 
I hope it is the first of many. In giving you this toast, one's 
mind goes back to the early institution, which was founded, I 
believe, in 1871. At that time it was looked upon, and really 
was, an off-shoot of the Durham University. The off-shoot has 
grown nnto these magnificent proportions — not the proportions of 
buildings alone, but of great utility, and proportions that have 
great influence upon the trade and commerce of the district, 
and particularly upon those industries with which we are so 
closely identified. The work of Armstrong College is divided 
chiefly into science and art — hence its close connection with 
naval architecture and engineering, which may be said to be the 
staple industries of the district and those mostly connected with 
this ?forth-East Coast Institution. In referring to this influ- 
ence of Armstrong College, I mean that it has contributed to 
by its work the economical cari-ying of goods and commodities 
across the seas. I refer chiefly to the work that has been done 
in tho experimental laboratory, known as the ** Stephenson 
laboratory," and the two names combined give a prestige to the 
College — the names being those of Armstrong and Stephenson, 
and there is something in this prestige. To the work of this 
College may be largely attributed the economies that have re- 
sulted in modern marine propulsion. In one item alone, the 
College has done excellent work, and that is in the proportions 
of engines to the size of the ships. This can be directly tmced 
to the work of the experimental engines, and these results are 
given to us with the most exact details. Papers have come to 
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us fnjm the College largely ilirougli niir friend, Professor 
Weighton, which gives us facts upon which* we can base our 
future work. Just now there are experiiiieDts being eondueted 
on the (.^nllege engines wliicli will have n still greater effect upon 
marine propukiou, and I have no doubt that in due course the 
results of these experiments will be pnt before all who may be 
interested in marine engineering, llelen-ing to the value of the 
training here, it is gre-atly enhanced by the scbohirships, but 
these scholarships perhaps are not all that they might be, 
Lloyd's give three schalarships ; these are for naval architecture 
only. There is not an engineering schokirship at all in the Col- 
lege. Through the untiring eftorfs of the President of the 
lustitutirrn (Jlr, Dugdale), there is now a North- East Coast 
Sehularshipj and it ia entirely due to Mr. I)ugdale*5j initiative 
that the fund was raised, but the scholarship alternates between 
naval arehitecture and eng'ineering. It would be a great boon 
to the College if tbere were a scholarship or prjy.e to otfer for 
engiueering alone, but the one I have referi'ed to, namely, the 
Nnrih-East Coast Institution Rchnlarship, does offer the means 
of the highest education to apprentices who could not possibly 
get it in any other way, and I hope it will be productive of great 
good amongst the Graduates of the Institution, There are other 
schohirships Ln connection with the science aide of the College, 
which undoubtedly have a bearing tia engineering, but they are 
not so closely identified with our industries. The work of the 
College, as I have pf>iuted out, has been of undoubted value to 
commerce, but particularly to shipowners^ and there ia ample 
opportunity for shipowners in some way to identify^ themselves 
with the CoJlege as a flniall reeognitirm of the great economies 
they have reeeived from it. From an employ er*s point of view, 
it gives me great pleasm'e to testify to the btmefits that we receive 
from the work of this College, and whilst various flrma— ship- 
builders and engineers — may have rules and regulationsj as to 
the conditions under which their apprentices may attend the 
College lectures, as a result of my experience, I find that it is 
a good thiug, und untluubtedly it will pay» to take a generous 
view of the whole position by eneouruging the apprentices or 
studenta who are the most deserving. Referring to the Chair of 
Naval Architecture, presided over by Profe^ssor Welch, that, 
when it becomes more firmly established, will undoubtedly 
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further contribute to the advancement of shipbuilding and 
engineering in this district, although I do not say for a moment 
that we are not in the front rank already. A great deal of this 
advance, as I have said, can be traced to the work of this Arm- 
strong College. I regret that Sir Isambard Owen is not present, 
and I have great pleasure in coupling with the toast the name of 
Professor Welch. 

The toast was heartily honoured. 

Professor J. J. Welch, of the Chair of Naval Architecture in 
Armstrong College, in responding, said — I am very sorry indeed 
for your sakes that the Principal of the College is not here to 
respond to this toast as had been intended, because he has at 
command much more felicitous language than I can attain to. 
At the same time, I am happy to have the privilege of respond- 
ing, and to assure you that when the application came before 
the College authorities for the use of this hall for the purpose 
of the dinner, it was given a most sympathetic hearing, because 
they realised that the members of the North-Rist Coast Institu- 
tion had been very helpful indeed in matters pertaining to the 
College. I need, of course, only refer to the Engineering 
Department and the Department of Naval Architecture, and 
they were pleased to have the opportunity of showing their 
appreciation of what had been done. I must thank Mr. Merivale 
very much for the kind wish he expressed with regard to the 
new Chair of Naval Architecture. He hoped it would be as suc- 
cessful as the Depai-tment of Engineering had become. Know- 
ing, as I do, the great successes of that Department under the 
able leadership of Professor Weighton, I can imagine no better 
wish than that we should be equally successful. I was rather 
pleased that Mr. Summers Hunter did not complain of our hav- 
ing three scholarships. I think they are most valuable adjuncts 
to the Naval Architecture Department, and we must work to get, 
at any rate, three scholarships more for the Engineering Depart- 
ment as well. As to Armstrong College itself, I have now had 
something like twelve months' experience of it, an(3 the high 
opinion I had when I came has certainly been enhanced by the 
extended experience that I have had of its work. It is doing a 
splendid educational work, and I may mention we are not only 
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atti-actinpr students from all parts of England, but are getting 
scholars from the Continent and from the Far Kist, showing, at 
anj' rdie, that the courses here are appreciated. I can only, in 
conclusi(m» thank you very much for the cordial way in which 
you have received the toast. 

The proceedings then terminated. 
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rORTH-EAST COAST INSTITUTION OF ENGINEERS 
AND SHIPBUILDERS. 



Twenty-fourth Session, 1907-1908. 



PROCEEDINGS. 



HE SEVENTH GENERAL MEETING OF THE SESSION WAS HELD IN 
THE LECTURE THEATRE OF THE LITERARY AND PHILO- 
SOPHICAL SOCIETY, WESTGATE ROAD, NEVVCASTLE-UPON- 
TYNE, ON FRIDAY EVENING, APRIL 3rd, 1908. 



W. H. DUGDALE, Esq., M.Inst.C.E., President, in the Chair. 



The President said — Before commencing the business of this 
irening I would like to refer to the loss which the Institution has 
scently sustained by the death of one of our Past Presidents — 
olonel Henry F. Swan. He was one of the original members of 
lis Institution and also the seventh President. I am sure we all 
ery deeply deplore his loss, and I have asked the Secretary to 
rite a letter of condolence to his relatives. If you will confirm 
[lat, I hope you will show it in the ordinary manner. 

All present rose to their feet in silence. 

Tho Secretary read the minutes of the previous meeting, 
eld in Newcastle-upon-Tyne on Friday evening, March 20th, 
hich were confirmed by the meml>ers present and signed by the 
'resident. 

The President appointed Mr. Summers Hunter and Professor 
I, L. Weighton to examine the ballot papers for new members, 
nd the following gentlemen were declared elected: — 

MEMBERS. 
Eklen, Edgar Mark, Engineer, 25, Coquet Terrace, Heaton, Newcastle-upon- 
Tyne. 
Melvin, Robert, Engineer, 11, Roker Baths Road, Sunderland. 
Morrow, John, Ehigineer, Armstrong College, Newcastle-upon-Tyne, 
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RETIRING MEMBERS OF COUNCIL. 

The President said — In accordance with Article X. of the 
Constitution, the following gentlemen will retire from the 
Council : — 

President — Mr. W. H. Dugdale (not eligible for re-election). 
Vice-Presidents — Messrs. W. C. Borrowman (resigned), 
G. H. Baines, and E. H. Craggs (eligible for re- 
election). 
Han. Treamrer — Mr. G. E. Macarthy (eligible for re- 
election). 
Memhers of Council — Messrs. G. J. Carter, Alfred Harrison, 
N. E. Robson, R. Wallis, G. D. Weir (not eligible for 
re-election as Members of Council). 



NOMINATION OF NEW OFFICERS. 

The President said — In accordance with bye-law 11, I, on 
behalf of the Council, nominate the following gentlemen to be 
balloted for to fill the vacancies : — 
President — Mr. Summers Hunter. 

Vice-Presidents — Messrs. G. H. Baines, G. J. Carter, E. H. 
Craggs, Alfred Harrison, and R. Home Muir (three to 
be elected). 
Hon. Treasurer — Mr. G. E. Macarthy. 

Ordinary Mevd)ers of Council — Messrs. C. T. Adams, J. T. 

Batey, A. E. Doxford, M. S. Gibb, Andrew Laing, 

Hugo MacColl, and Harold Thomson (five to be elected). 

I would like to know if you wish any other names to be added to 

those which have been submitted by the Council. 

There was no response from the meeting. 

Tho President — I take it, then, that you agree to the 
nominations submitted. • 



NOTK^E OF ALTERATION TO BYE-LAW 35. 
The President said- On behalf of the Council, I give notice 
that, at the Closing Business Meeting of the Session, to be held 
in Newcastle-upon-Tyne, on Friday, May 15th, 1908, I will 
move that the following addition be made to Bye-law 35; — 
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( The addition w printed in italics. ) 
35. — Copies of papers to be read during any Session will be sent seven 
days before the date of reading to members who shall have applied to the 
Secretary for them, in writing, at the commencement of the Session. The 
discussion on a paper shall not be considered closed on the evening on which 
it is read, but shall be open for renewal at a subsequent meeting, prior to 
or afttr the reading of the paper set down for that date. 

It has been found necessary to make this alteration because 
sometimes we have received a paper from a gentleman living at 
some distance, and if we have left the paper to the very last on the 
agenda it has been impossible for him to catch a train, and 
occasionally also gentlemen have attended from a distance to 
take part in the discussion, with the same result. Therefore, it 
has been thought desirable to leave it to the option of whoever 
happens to occupy the chair at the particular meeting to use his 
discretion in altering the arrangement. 



The discussion on Mr. J. Hamilton Gibson's paper on " Tor- 
sion-Meters " was resumed and concluded. 

The discussion on Mr. A. E. Long's paper on " Notes on the 
Form of High Speed Ships '' was resumed and closed. 

The discussion on Professor R. L. Weighton's paper was 
resumed. 

Mr. E. Hall Craggs submitted a paper on *' The Framing of 
Vessels." 
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iSUMED DISCUSSION ON MR. J. HAMILTON GIBSON'S 
PAPER ON *' TORSION-METERS, AS APPLIED TO 
THE MEASUREMENT OF THE HORSEPOWER OF 
MARINE STEAM TURBINES.'' 

Mr. R. T. Walker said — I regret I was unable to be present 
the evening on which Mr. Gibson read his paper, and the 
!>sequent meetings at which the discussion took place. I have, 
wever, read the paper with great interest, and should like to 
y a tribute to Mr. Gibson for his valuable contribution to the 
mnsactions of this Institution. The subject of torsion-meters 
s attracted some little attention in the turbine world of late, 
d Mr. Gibson has undoubtedly given a ver\^ comprehensive 
?ord of the various types now in use. In the few remarks I 
^'e to offer I do not propose to enter into any controversy 
arding the relative merits or demerits of the various torsion- 
ers now on the market. Although the '' Turbinia," the first 
el to be fitted with turbine engines, and the two subsequent 
r^oyers were built on the Tyne, Messrs. Denny were the first 
:J ^rs to be associated with the construction of turbine vessels 
- commercial purposes, and to the best of my knowledge were 
i xst in this countrj- to introduce an apparatus for measuring 
X)wer transmitted by turbine engines. Mr. Gibson has told 
C other types of torsion-meters that have been introduced 
« The reliability or trustworthiness of torsion-meter records 
•ift<»n been questioned. Of course, in all instruments such as 
J=^ n-meters one has to be perfectly satisfied that the design is 
^cut, that the apparatus is in goml order, and that care is 
^Xsed in taking the records. It has been my privilege to have 
^sociated with a number of turbine vessels where torsion- 
x^shave been fitted, perhaps more especially with the " Denny- 
^Scn'' and the ''flashlight" types, and from an analysis of 
^"^sults of the records taken by these meters, and comparing 
^ with the theoretical estimate of the power transmitted by 
^Xxrbine, we have every reason to believe that the results so 
'•^^ed are fairly accurate. In fact, it would appi^ar that quite 
'^^liable a result of shaft horsepower could be obtained as the 
^^^ted lior8ei)ower derived from the indicator diagram of a 
Vol. xxrv.-i908. 21 
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reciprocating engine. Trials have recently been carried out on 
a large turbine steamer on the Clyde, where " Denny-Johnson " 
and " flashlight " torsion -meters were fitted on the same shafts, 
and, if Mr. Gibson is in the position to give an indication of the 
comparative results that were obtained in this vessel, it would no 
doubt be of interest to the members of this Institution, and would 
help to clear any doubt that may exist on this point. I do not 
propose to take up any further time of this meeting, but I am glad 
to have had the opportunity of ai^lding these few remarks to the 
discussion on Mr. Gibson's paper. 

MR. GIBSON\S REPLY. 

Mr. T. Hamilton Gibson said — Before reading my reply which 
I have taken the precaution to write out, so as to save your time 
as well as my own, I should like to thank Mr. Walker for his very 
kind remarks. I am glad he has had the opportunity of coming 
here this evening, and giving us something like a reliable testi- 
monial as to the accuracy of the torsion-meters with which he is 
acquainted. He has seen a few of them, and the accuracy of the 
torsion-meter as compared with the indicator diagram has evi- 
dently impressed itself upon his mind. With regard to his querj' 
as to an actual comparison between two types of torsion-meter, 
namely, the '* Denny-Johnson " torsion-meter and the ** flash- 
light " torsion-nioter, one of the previous speakei-s raised the same 
point, and I have dealt with it in my written reply. 

In replying to the divscussion, I trust I may bo excused if I 
do not traverse stridtim the jmints mentioned in each individual 
contribution. I will, howov(?r, enileavour to deal with every 
question that h;is been raised, and make my reply as concise and 
eonipi-ehensive as ])ossible. The paper has evoked wider interest 
than 1 had anticipated, wliich is in itself most gratifying, and I 
thank heartily all those •reutlenien who have so generously 
assisted in thus enhanciui>: the value of the papei- as a contribu- 
tion (o our Tr(UL<(ictions. The extreme courtesy I have experi- 
cMiced at the hands of those whom 1 may term my competitors in 
the domain of torsion-meter invention, is also, 1 think, a marked 
feature of the discussion, and is, I can assure them, highly 
appreciated. 

More than one of my critics have pointed out a lack of clear- 
ness in some of the paragraphs, and as one who usually attaches 
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importance to such matters, I must plead f^uilty. In preparing 
a teohnical i)ai)er to be read before men acquainted with tech- 
nical terms one is apt to take it for prranted that his audience will 
not only follow him, but will actually he ahead of him ; conse- 
quently, there is a tendency to " short-circuit " instead of ex- 
pandinfir the sentences in correct literary style. This, gentlemen, 
though not an adequate excuse, is at any rate a reason why 
I did not make it quite clear that when I referred to a turbine 
as standing still I meant that the shi^ft was locked and prevented 
from turning, and that under such conditions the amount of 
steam that would pass through the turbine would be very nearly 
the same as if the turbine were working at full speed and exert- 
ing full power. The range of pressures along the turbines would 
al.«o, I take it, be approximately the same in both cases. The 
point I wish to emphasize is this : that a rerord of the steam 
pressures is an insufficient prnide to the power of a turbine. Un- 
less a turbine is driving its full number of revolutions against 
the resistance of the propeller it is not exerting its full power, 
and the only way to get at the actual effective power is <o com- 
bine the revolutions with the actual work done on the shaft 
as registered by a torsion-meter or a brake. 

Mr. Harold Thomson asked the very pertinent question as 
to whether a torsion-meter and brake had ever boon tried on 
the same shaft simultaneously, and I am now able to answer 
that this is one of the things that they do " better in Germany/' 
At the turbine works of the Allgemeine Elektricitats Gesellsohaft 
in Berlin, T saw recently a turbine-testing plant which comprised 
a huge hydraulic brake to which was permanently attached a 
calibrate<l length of shaft and a Frittinger meter. T understand 
that the 3,000 horsepower Curtis turbine units of the ''Kaiser 
Wilhelm der Grosse *' were actually tested in the shop to full 
power with this apparatus, and that the shaft horsepower a^rrood 
with the brake horsepower within 2 per cent. AYli(»ther a more 
delicate torsion-meter would give a closer approximation to tlio 
brake horsepower I am not preiuired to say; but, personally, 
I should like to see a flashlight torsion-nu^or trit^l under similar 
conditions. A 2 per rent, error, however, is v(M-v small com- 
pared with the variations met with in ronmrtion wilh ** iiidi- 
cated " horsepowers, and shows that we are gettinir pr«'tty wrll 
down to bed-rock figures in the measurement of effective poweis. 



But enffmeers will not rest satisfied until they are able to reconi 
the " thrmt ' powei-a, thus elimiaatinj? propt41er inefficieney* and 
showing the actual ** push '' exerted by the propeller on the 
thrust-block. I hear rumours, and I hope they are true, that 
experiments in this directioD are being miide in this district 
with a Tiew to arriving at the actual thrust exerted by turbine 
propellers. The nxial cleamnce of the tAirbine dummy rings 
is so small that I hate not, so far, vim tu red to experiment in 
this direction ; but I have obtained some series of thniRt diaj^rams 
from reciprocating engines, illuati-ated on Plate XXXTIL, 
and which are, at least, suggestive. Just think how import imt 
&ueh data would be! Knowing the shaft horsepower, and the 
actual thrust exerted, W6 can at once deduce the propeller 
efficiency. Tow- rope resistance takes no account of the disturb- 
ance of the Tvake caused by the action of the propellersi but 
here we have the rejil thing and can praceed on ascertained fiictft* 

Mr. Thomson enquired whether for the same power an altera- 
tion of torque is nbsei^ed as tht^ revohitiona vary I'' We hud a 
striking illustration of this Tery point during the full power 
trials of a -33-knot deitroyer on the Clyde. An observer came 
up on deck from ttje gland ^jy.nr wIrmt the torrfue- finders were 
placed, and reported that although the starboard and port torque 
readings had been constant for the last hour something had now 
apparently gone wrong, and there was a marked difference 
between the wing shafts. The difference only amounted to *()-J 
of a degree ; but it was definite and had been checked by the 
other obsen^er. The explanation was quite simple. We were 
then rounding Ailsa Craig in a wide sweep about 10 miles radius, 
and the port shaft being on the inside of the cui-ve, was going 
some four revolutions slower than the normal, and showing y??^ 
of a degree more torque. 

In reply to the question as to whether two different makes 
of torsion-meters have been tried on the same shaft, I may say 
that, by the coui-tesy of the Fairfield Company, we were allowed 
to fit a set of torsion-meters of the flashlight type on the shafts 
of the turbine steamer '' Cairo/' where a set of Denny- Johnson 
meters were already installed. Simultaneous readings were 
taken during the whole series of trials, including the progres- 
sive trial, and whilst the individual readings varied slightly tie 
average totals came out within ()(l per cent, of each other. 0^ 
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setting out the two sets of readings on curves with revolutions 
and speed bases, it is only fair to say that the flashlight read- 
ings were more consistent throughout, and this was most marked 
on the low-speed runs, where there is an acknowledged difficulty 
in getting reliable Denny-Johnson readings, due to the faintness 
of the sound in the telephone receiver. 

This naturally raises the point (which was touched upon last 
year at the spring meeting of the Institution of Naval Architects, 
when Mr. Denny and I read papers on our respective torsion- 
meters) as to the relative delicacy, or sensibility, of the ear 
and the eye in perceiving sound versus light. I am naturally 
inclined to think that the eye has the advantage, and that the 
ear is more easily deceived. Our experience on the *' Cairo '* 
at any rate proved that the apprentices lent us for relief pur- 
poses in taking flashlight readings, and who were quite new to 
the job, became expert observers in a very few minutes, and 
could take readings and spot the horsepowers on the diagrams 
quite as well as our experienced observer. As Mr. Grant says 
in his letter, " the actual point of eclipse of the flash is apparently 
very definite, and one is distinctly conscious of the faintest 
flickering glimmer of light when the finder is moved a minute 
distance." 

The torque-finder is the very kernel of the invention, and 
inasmuch as no other torsion-meter is fitted with a like device, 
I claim superiority of accuracy for the flashlight torsion-meter, 
notwithstanding Mr. Charles Johnson's sly dig at me as being 
too sanguine. 

The imperative necessity of obtaining extremely delicate 
measurements with torsion-meters has been fully demonstrated 
during the discussion, and Messrs. Hopkinson and Thring are 
to be congratulated on the results they have obtained with such 
short lengths of shafting. There is no virtue, however, in using 
a short length of shafting if it is possible to take a longer length. 
As Mr. Collie pointed out, there is always the possibility that the 
torsional stiffness of a shaft may alter along its length, and we 
know that tensile and elongation test pieces taken from opposite 
ends of the same shaft frequently give different results. Then 
again, with a short length of shait the base is so short that it 
is a difficult matter to determine with certainty the exact length 
that is being utilised for torsion measurement. An error of ,V 
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inch is pretty considerable in a length of 12 inches, whilst the 
same eiTor spread over a length of 50 or GO feet is almost 
negligible. 

For these reasons it is desirable to take as long a length 
as possible, whenever possible, and this we always aim at in 
arranging the axial type of flashlight torsion-meter. 

As to the re-calibration of shafts after a period of service, 
I do not know that this ias yet been done in any instance ; 
but torsion-meters have been in general use so short a time 
that the opportunity and occasion have probably not yet occuiTed. 

It would be a very interesting investigation, and one worth 
bearing in mind. I should think, however, that the line 
shafting of a turbine-propelled vessel, with its uniform turning 
moment and comparative freedom from the shocks experienced 
by tail shafts, would not be liable to appreciable deterioration 
in this respect. It is very seldom that the line shafting of even 
reciprocating engines requires renewal, ('ertainly I have not 
yet come across an instance except once, and in that case the 
flaw proved to be an original defect. 

iieference has been made by several speakers to torsional 
oscillations, and Mr. Collie thinks that when such variations in 
the torque are encountered the torque-finder of the flashlight 
torsion-meter will record only the peaks of such oscillations and 
show too much horsepower. The same fear possessed me when 
we first tried the flashlight apparatus, and we therefore always 
took maxima and minima readings, that is, the tonjue-finder 
was moved to cut ofi' right and left, and both readings taken 
to got a moan. After a few trials the differences were found 
to bo practically non-oxistont. Over a long series of readings, 
most of which wore absolutely identici\l, the maximum difference 
was only iVS) dogroo, and as this was just as likely to be an 
error in observation as anything else, wo abandoned the pra-c- 
tico as iaking up too much valuable time, and now we only take 
suoli loadings ocoasionally for verification. There is another 
reason, howovor, foi' taking riglit and loft readings with the 
flashlight torsion -mot or, and that is the dill'oronoi* in keenness 
of vision of two or more observers. An observer with abnoim- 
ally good oy<'sigh( ran so(» a fainter fliok(»r than another not so 
blest, and will work th(» toiMjUo-tindor over a shade Ix'yond 
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his co-observer. If, however, right and left readings are taken 
the mean is the same in all cases, and the personal element is 
eliminated. 

Mr. Johnson is of opinion that differences of tempemturo 
along a tunnel, tending to bend the light ray by refraction, 
might vitiate the accuracy of flashlight meter readings. In 
thinking the matter over, I have come to the conclusion* that 
even supposing the light ray is bent out of its coui^e it makes 
no dift'erence to the result. The appai-atus depends for its 
accuracy on tivie effect, not on the optical straightness of the 
ray of light. The eyepiece of the torque-finder covers a fairly 
wide field, and what we actually do when we work the tonjue- 
tinder over is to cut oti the light at the finder disc at the same 
instant of time as it is cut off at the lamp disc, in other words, 
we so aiTdnge matters that the instantaneous shutters at both 
ends of the shaft open and close simultaneously. 1 therefore 
think we can afford to neglect this consideration. 

My estimate of 20 per cent, as the figure representing the 
proportion of thrust stress to tor^iional stress was taken as a 
maximum for the shaft calibration experiments, and is no doubt 
excessive for normal working conditions. It is greatest, of course, 
in hollow shafts with relatively large holes. I have worked out 
some actual results since Mr. Speakman called attention to the 
point, and my maximum is 17 4 per cent. If the same vessel 
were towing, however, which .she might at any time be called 
upon to do on actual service, the peicentage of thrust might 
easily exceed 20 per cent. The approximate percentage of com- 
pression is applied during the operation of calibration and modi- 
fies the modulus of rigidity which is taken in calculating the 
torsional stiffness of the shaft. It therefore appears as a constant 
pro rata influence in all power results. 

I cannot say that I have ever come acro»& a case where the 
shaft horsepower c<ime out in excess ot the indicated horsepower. 
There are variations certainly, but these niay be put down to 
the usual variations met with in indicator diagrams. It is Usuai 
to take two or three indicat^ir diagrams Ironi each cylinder on 
each run, and to pick out the best-looking set oi cards irrespec- 
tive ol the exa/;t time. 1 his practi<^ probably accounts lor some 
of the variations noticed. 
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As to changes of torque during- one revolution of a turbine 
shaft, Mr. Thring told us that he had observed a variation of 
about 3 per cent., and this might be taken as the reply to Mr. 
Neiirs query pending further experiments. I am fitting a 
reciprocating engine torsion-meter with twelve slots to a turbine 
shaft in a vessel shortly to be tried, and will be happy to commu- 
nicate the results in due course as a further appendix to this 
paper. 

With reference to Professor Welch\s esteemed communica- 
tion, I notice that he, with others, has been analysing some of 
the results recorded as to the relation between indicated and 
shaft horsepowers. I am not prepared to enter into the ques- 
tion of engine efficiency at any length at this stage. It is 
perhaps beyond the scope of this paper to do so, and may well 
foim the subject of another paper when further data has accumu- 
lated in the natural course of events. 

It only remains for me now to thank you for listening so 
patiently to this somewhat lengthy reply, and to express the 
hope that the many valuable suggestions that have appeared in 
the course of the discussion will bear fruit in a further elucida- 
tion of the problems involved, problems which are of equal 
importance to the marine engineer and the naval architect. 

The President said — I am sure you will all agree with me 
that we should give a hearty vote of thanks to Mr. Gibson for his 
interesting and insti-uctive paper. 

The proposition was carried by acclamation. 
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RESUMED DISCUSSION ON MR. A. E. LONG'S PAPER ON 
" NOTES ON THE FORM OF HIGH-SPEED SHIPS/' 

Professor J. J. Welch said — I understand that some p^entlemen 
have expressed disappointment^ — bearinpr in mind the title of 
the paper — that Mr. Long ha« not bi-ought forward a form of 
vessel which he conld recommend to us, from his experience 
and knowledge, as superior to all others. For my part, I did 
not indulge this hope, as in the first place I reflected that to 
treat the subject with rigorous scientific accuracy it wouUl be 
necessary to have access to experimental tank records ; and in 
the second place, I imagined that if Mr. Long had hit upon an 
extremely good form, there would be no special temptation to 
give exact particulars. It seemed inevitable then»fore that the 
subject should be discussed on general lines, and the author 
is to be congratulated on having given us such an interesting 
paper. 

I will confine my remarks to one or two points, rather in 
amplification than in criticism. Mr. Long states that with a 
given area of rectangle (A say) the wetted perimeter (P) varies 
with alteration of ratio of beam to draft, and it is easy to 
calculate when this perimeter is a minimum. For if a represent 

draft and b breadth, we have axb=X and P=2^/-f //=2«-|- -. 

a 

And this is a minimum when 2 ^=oora''=^\. From the figures 

given in the paper A=fi, and then a=>/'^ : h=2>/'\, and the peri- 
meter is then=6'^/28 feet at the minimum jxiint shown in Fig. G 
(Plate XX VIIL; This method can be extended to ships. Mumford's 

approximate formula for wetted surface is S=rTL x D + 'io |-| ; 

that is for a given displacf*nient \V tons, and given length L, the 
wetted surface i» a function of the draft D, and that surface i»> a 

minimum when I'TL \yr^'^ ^^ draft=^ l-T"- This gives 

approximately the diaft for niinimum wetted •urface, and al- 
though for the rea^iij-i given by Mr. Long, the totiij resistance 
is not likely to Ik- -Ah-^AnxAw a minimum at the draft corre^- 



282 DISCUSSION — THE FOEM OF HIGH-SPEED SHIPS. 

ponding to minimum wetted surface, yet Rota's experiments indi- 
cated that ill this region fairly large variations in the ratio of 
beam to draft are possible without very appreciable departure 
from minimum resistance. With reference to Mr. Long's 
remark that ** there will possibly come a speed where the shallow 
section will, owing to its skimming action, give a less resist- 
ance than the deep,'' there will, I believe, be published very 
shortly experimental results justifying this prediction; or, 
i-ather, results tending to show that even at relatively moderate 
speeds, a very shallow ship, suitably formed, will give smaller 
resistance than one of normal shape. 

As I remarked at the outset, for the full discussion of the 
problem, tank data are necessary, and an extract from a recent 
report of the Chief Constructor of the U.S. Navy is of interest 
in this connection. He says : " Fi-om careful and systematic 
experiments made during the year, the Bureau will be able to 
adopt for the new destroyers a type of after-body which will 
practically permit the speed of the liat^stern type to be main- 
tained, but will result in distinctly superior seagoing qualities, 
the flat-stern type not being well adapted to rough water. Hither- 
to, the flat stern has been regarded as essential to high speed, 
and was therefore adopted for vessels of the destroyer type. 
Three vessels of the destroyer type were authorised. . . . On 
the conservative assumption that with their improved seagoing 
capabilities they will be only one per cent, more valuable than 
similar vessels previously designed, the department will gain 
in these three vessels an increase in etticiency equivalent to the 
total sum expended during the year for the entire work of the 
experimental model basin." 

MK. A. E. LOiS'G'S UEPLY. 

Mr. LoxVc^ said — In replying to the discussion, 1 will take the 
speakers in their order. Mr. Hogg began by statin^ that he had 
jio practical knowlcnlge of this branch of naval architecture — 
very few people have- -and there is internal evidence in his 
speech that he has paid little or no attention to it even from the 
theoretical side. When he does this he will, i think, find that a 
great many of his ideas want revision; i will thereloie merely 
here draw his attention to a few points, leaving the others lor his 
own reconsideration. 
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The straight lines in Fig. 1 (Plate XXVII.) do not cause any 
difficulty regarding fins or squat boards, as there is really no 
connection between them ; squat boards are applied to vessels of 
ordinary forms of water-line, not necessarily straight, and so 
could fins be. The shifting about of the centre of buoyancy in 
a longitudinal direction has nothing whatever to do with the 
difference in form shown in these figures. The most elementary in- 
spection would have shown Mr. Hogg that the dift'erence between 
the afterbodies of, say, A and B (Plate XXVII.) is one of shape, 
not area — the centre of gravity of immersed volume is in the same 
position in each case. Surely the classification of A, B, D (Plate 
XXVII.) and ordinary steamers in the same type is a very ad- 
vanced '' terminological inexactitude." To judge of the enormous 
latitude which Mr. Hogg gives himself, compare the 1) type body 
plan in Fig. 9 (Plate XXIX.) with that of an ordinaiy steamer. 
Two cases of careless quotation occur towards the close of the 
speech. I did not say that B and 1) are the ships of the future ; 
what I did say was that they were possibly models for the ships 
of the future, a very different thing. Mr. Hogg credits me with 
the statement that the present type of big ship must be altered ; 
he should have included my qualifying words, *' unless the dimen- 
sions of ships can keep pace with the increased demand for speed." 

It would be a very regrettable thing if Mr. Hogg should try 
to cross the Atlantic in a '* small freak " at " 40 to 50 knots," 
or, indeed, at any other speed, as we would thereby almost cer- 
tainly lose for ever his interesting contributions to our discus- 
sions. 

Mr. Alexander is not quite correct in attributing the first use 
of straight-line figures to the late Dr. Kirk ; as mentioned in the 
paper. Chapman, in 1775, used two such figures, and some 
writers half a century before did the same. Beaufoy's experi- 
mental models were also similar figures. The question as to how 
the angle of entrance and run should be measured is a disputable 
one. Mr. Alexander's method makes those of A and C (Plate 
XXVII.) the same, as the area of the midship section is the same ; 
whereas my figures alter considerably. Xow we know as a fact that 
these forms give very different results, and 1 would like to put it to 
Mr. Alexander that a method of measuring the angles which 
also gives a difference is more likely to be correct than one 



2U 



DISCUSSION — THE FOEM OP HIGH-SPEED 8HIPB. 



which does not. Another way of looking at the question is, 

suppose that we take C and make the breadth very great and the 
depth correspond ill g-ly ^nuill, while keeping thp same area, does 
the true angle renuiin the same us Mr. AlextiiuIei*K method 
makeB itP 

Mr. Alexander's remarks on the hydroplane r|iiestion are a veiy 
interest in jf add it inn to the paper. The subject is n veiy tempt- 
iu|? one, and 1 may state that originally that part of the paper 
was much loiigfer than it is now. I hope that Mr. Alexander's 
remarks as to windage toti^shadow a paper frrtm him on the 
subject, as it is yearly bt^fomiiig more and moi^e important with 
the great increase of deck erections. 1 have done some little 
work in that direction, but t^annot go into the matter hei^, ex- 
cept to suggest that the wind resistance nf models and small 
veasels elo&e down to the water level may lie very diiierent fi^om 
what it is high up as on large vessels, 

Mn Hinchliife in his speech goes rather upon the lines that 
this is too much a paper for the future at the expense of present- 
day practice, and he eonsidei*s that we are not likely to have any 
practical use for these unct minion forms. With that view I do 
not concur, and 1 suggi^fit that histoiy is rather against Mn 
HinchliftVs way of thinkitig. When I began to study this par- 
ticular suliject in the old '* Lightning '' days, the chances of there 
ever being a 'i<i-knot vessel, of a displacement approaching 2, (MX) 
tons, seemed to be quite a« visionary as a 40-knots or upwards 
Atlantic liner seems to-day. But we have now the 3tj-knot 
vessel, and it appears to me that further advances will be more^» 
rather than less, rapid, looking to the quautity of data which is 
now available. 

With a view to the possibility — even if it seems remote — of 
extremely high speed in large vessels being i-equired in the 
future, 1 do not think that it is advisable to adopt any ostrich- 
like policy with regard to small freaks, such as motor-boats, etc., 
no matter how tautas^tic they may appear to he. All of their fea- 
tures may not be of use for larger craft, and others may have 
to be coiL^iderably modified^ as they are to-day in destroyers. 
We should not forget that the destroyer of the present is the 
lineal descendant of the small launches away back in the seven* 
ties of the last century. 

Although Mr. Hinchlifte has rather misconstrued my refer- 
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ence to the faint-heartedness of some designers, he has brought 
out a point with which I am very cordially in sympathy with 
him, the baleful influence which engineers have upon the pure 
course of naval architecture. He instances the foi^ward boiler 
as an objectionable nuisance. He might have gone further, and 
said that the modern water-tube boiler is a peculiarly fiendish 
instrument of obstruction. The designers of these things do not 
seem to have paid any attention to the use to which they are to 
be put, namely, to go into a ship. They have, therefore, with a 
lamentable unanimity adopted a cross section which is approxi- 
mately a triangle with the point upwards, whereas the section 
of the ship into which it has to go is the exact reverse. If our 
engineering friends could design something in the way of a 
boiler which did not turn out its toes in the regrettable way the 
present ones do, they would earn our undying gratitude. 

Mr. HinchlifPe regrets the fixing of the speed at 2n/L and 
upwards, and that I have not given information regarding actual 
vessels of A type. The opportunities for comparing A with, say, 
B, at speeds approaching 2n/L are very rare, and for the other 
types praotically nil, but the superiority of B over A comes in at 
a very much lower speed, and I have had some very useful ex- 
perience on that point, although I did not design the A type 
vessels. The ships were of fair size, being all over 200 feet, 
and sufficiently close to each other in other I'espects to allow of 
the necessary corrections being made without risk of appreciable 
error. The A's were poor perfomiers at speeds a little under 
1*5 >/L, although designed by experienced men, and in two in- 
stances attempts to get higher speeds by increasing the power 
were very unsatisfactoiy, except as object lessons. In the case 
of the corresponding B vessels the speed was easily attained, and 
the same vessels also gave very good results at 2n/L. The dif- 
ference between the wave making at coiTesponding speeds was 
very striking. The B's, of course, suft'ered somewhat owing to 
their engines not being at full power at the speeds compared, so 
that the comparison was, if anything, unfair to them. 

The few words which I wrote upon the subject of the big 
ship of the future has brought out some interesting figures from 
Mr. Hinchliffe, showing the stagnation in speed in relation to 
length. He might have added that there is a similar deadlock 
in the construction. I have no doubt Mr. Hinchliife has a 
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reason in his own mind why that is so, and why when we want, 
say, a knot more on the Atlantic, we simply enlarge the last 
design to the corresponding length, etc. As, however, he has 
not favoured us with that reason, I will suggest one which may, 
or may not, be the same. We enlarge the ship because the type 
used — a very pronounced A — is not suitable for any higher rela- 
tive speed, and the attempt to drive her faster, even if we had 
the power, would be extravagant. If we want to keep to the 
present length and economically use the advances in engineering 
which may become available for getting higher speeds, it seems 
probable that we will have to depart very considerably from our 
present form of hull. The foregoing is, of course, apart from the 
question whether it is desirable to enlarge the ship for other 
purposes. 

I have to thank Mr. Alexander and Mr. HinchlifPe for their 
kind references to my work, practical and literary. The latter 
reminds me that I am the only member of the Institution now 
contributing papers who wrote one for the first session in 1885. 

Professor Welch opened his speech with such an apt explana- 
tion of the re-asons for the form this paper has taken that I will 
ask the other speakers to accept it in reply to them. I am glad 
thnt Professor Welch has dealt with Fig. 6 (Plate XXVIII.), as it 
is one which I have found useful for selecting ratios of draught to 
beam; his addition is also an interesting completion of the sub- 
ject. It is satisfactory to find that my prediction based upon 
inferences as regards the effect of shallow draught at high speed 
has been borne out by experimental facts. As a general rule, I 
do not care to pose as a prophet* but in this case I thought I was 
on fairly good ground. As regards the flat form of stern, there 
is still a great deal to be done before that part of high-speed 
vessels is (juito satisfactoiy, at least to p(M)})1(» who do not build 
ships merely to run trial trips. If tli(» Amerirans can i)roduce a 
stern wliich does all tliat they claim for it, tliey will have done 
all (lesigiieis a frreat serviee. I nilLrlit, periiaps, su.u:<r(.st that 
they are not the only i)e()})le who are working al this piohlein. 

A hearty vc^te of tiianks was accorded to Mi*. Long for his 
paper. 
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RESUMED DISCUSSION ON PROF. R. L. WEIGHTON'S 
PAPER ON " PISTON SPEED AND STEAM ENGINE 
ECONOMT." 

The Secretaey read the following communication : — 

22, Otterburn Avenue, Gosforth, 

Newcastle-upon-Tyne, 

April Znd, 1908. 
Dear Mr. Duckitt, 

As it is doubtful whether I shall be able to be present at the 
discussion on Professor Weighton's paper to-morrow night, I am 
sending the following remarks, which, if considered apposite, 
might be added to the discussion : — 

The wonderful thing about Professor Weighton is that, un- 
like the bad workman, he never complains to us about his tools, 
but makes the most- of his opportunities. It is absolutely plain 
that his efforts are hampered most seriously by lack of boiler 
power. It will be noted that he has to run his engine under 
somewhat abnormal conditions on this account. 

Then agtiin, I suggest that it would be very useful if he 
could be given an opportunity of carrying out somewhat similar 
experiments with piston valves in, say, the first two cylinders, 
especially in view of Professor Mellanby's remarks regarding the 
importance of valve leaks, and perhaps one might also suggest 
experiments with a slide valve of longer travel and with ports 
of less perimeter and greater height. 

My personal feeling is that it is one of the w(Krhrs wonders 
that the slide valve ha^ not been improved out of existence. The 
objects that one sees reniovcMl from valve chests after a few 
months' work on marine engines, with valve travels reduced by 
linking-up — as rendered necessaiy by the engines l)eing of un- 
necessarily large dimensions and ratios- -make one long for a 
good reliable test of some alternative, either in the form of piston 
valves or lifting valves. 

Work such as Pr()f(»ssor Weighton can do is really of national 
importance, and, if it cannot get official national support, deserves 
all the local help it can obtain. Perhaps contributions for such 
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purposes look too much like philanthropy to be popular. Ship- 
owners or enginebuilders may think the accumulation of know- 
ledge on the points which Professor Weigh ton sets himself to 
clear up is as likely to benefit their competitors as themselves, 
but, in this, they may comfort themselves by the reflection that 
nine out of ten of their friends will be too conservative to make 
any application of the new information until the contributors 
with faith and enterprise have had a good Icmg start. In any 
case, any increase in the local reputation for good economical 
engines would be a valuable advertisement to every firm in the 
district. 

In steam engineering we have got far past the point where 
anyone can perform a parallel to the feat of making two blades 
of grass grow where one grew before, and it is only by careful 
investigations such as Professor Weighton's that we can hope 
to equal the performance of making each blade a little longer. 

Yours faithfully, 

C. Waldie Cairns. 

The discussion was adjourned. 
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FRAMING OF VESSELS. 



By E. hall CRAGGS, B.A., Vice-President. 



[Read in Newcastle-upon-Tyne on April 3rd, 1908.] 



Since first I put together a few notes for this paper, I have 
been constrained by some of my friends who have taken a very 
kindly interest in its preparation, and also by the force of cir- 
cumstances, to alter my plans to some extent. 

I had intended to say more about the various systems of 
framinfif that have been practised from time to time both in 
wood and iron ships, and in that way to trace out the history of 
my subject in detail. After spending considerable thought on 
the matter, I came to the conclusion that it would serve the 
objects of our luvstitution best if T confined myself to such struc- 
tures and systems as I have been intimately connected with in 
the drawing office and the shipyard. 

When I first began to make a practical study of ships' fram- 
ing, the transverse system was taken almost as a matter of 
course by all naval architects and shipbuilders. In the drawing 
oflSce we were then familiar with the open floor system, varied 
where water ballast was required in the double bottom, by the 
Mclntype system ; and in warships the bracket system was the 
most familiar one to me, though found undesirable for big cargo 
carriers. If we are to believe writers of shipbuildinqr toxi books, 
among others, Mr. Thearle, now one of the well-known surveyors 
at Lloyd's head office, the idea of transverse framing came 
?irectlv from the practice of wooden shipbuilding, and here my 
/fcject compels me to touch on the history of shipbuilding to 
ne extent. Important writers on the subject of shipbuilding 
"^e entered their protests against blindly following a method, 
ch, although found admirably adapted for the construction 
''ooden ships, of such dimensions as were generally adopted 
^os8el» of that material, is not what one would logically 
oi^ xxiv.-i9q8. 22 
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expect in dealing with material of comparatively great tenacity 
and oflfering the utmost facility for joining either in the direc- 
tion of its length or its breadth, such as iron and steel. 

In the practice of building wooden ships, the transverse 
framing was obviously necessary. Generally, no attempt was 
made to join the breadths of planking together along the edges. 
On the contrary, in the operation of making the planking water- 
tight by wedging oakum into the seams, forces were brought to 
bear upon the planking tending actually to open them out. As a 
rule, the transverse framing of wmnlen ships was very firmly and 
massively constructed and bound together by strong iron knees, 
the frame timbers being usually disposed room and space. It 
is worthy of remark that it was a common practice to allow the 
frames towards the extremities of the vessels to be spaced wider 
apart than amidships. The tendency to-day in steel ships is to 
space the frames nearer together, especially at the bow. It was 
thought necessary- in the large wrKnlen ships that decks should 
not be spaced more than about 8 feet apart, and the influence 
of the practice in wooden decks is still felt at the present time ; 
for instance, where vessels are built to Lloyd's class. When I 
first commenced business, it was still quite a mutter of serious 
consideration to leave the tier of beams out of a vessel 24 feet in 
depth, and it is only really in recent years that the proper nature 
of compensation for leaving out another tier of beams in such a 
ship, thereby prcKlucing a single decker, has b<»en thoroughly 
appreciated and understood. Hefc^re passing to the considera- 
tion of iron and steel vessels, it is as well to In^ar in mind that 
the thickness of planking of decks bears a very substantial ratio 
to the interval between the transverse supports. The builder 
had, therefore, no need to consider the local buckling of the 
planking or deck owing to longitudinal strains. In other words, 
the wfvoden vessel was relatively an inconipivssible structure as 
compared with a metal one. 

AVe come now to the consideiation of iron and steel vessels. 
The strakes of plating take the place of planks, with this great 
diil'erence; the nature of material allows us to firmly attach the 
breadths of plating by lapping them and through riveting them 
at their adjacent edges. AVith a suitable arrangement, there- 
fore, the skin of the ship can be at once brought into the trans- 
verse strength, and, in fact, can be made a ver> important 
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member of the transverse girder. For the remainder of the trans- 
verse stiffening" shipbuilders have found it convenient to follow 
the practice in wooden shipbuilding as closely as possible. 

Coming now to the question of longitudinal strength, the ana- 
logy is not so perfect. The breadth of the metal frame sections 
supporting the skin is necessarily greatly reduced, and the un- 
supported length between the frames is greatly increased. The 
thickness of iron plates, as compared with the distance between 
the points of support, bears a far less ratio than the thickness 
of the planking in the wooden vessel between their points of sup- 
port, and herein I have tried to express as simply as possible the 
weak point of the ordinary transverse system of framing. So 
long as the length of vessels was kept within a moderate com- 
pass there was little trouble, but as dimensions increased, 
especially length, shipbuilders found the want of better support 
against longitudinal stresses. Scott Russell felt so keenly on 
this point that he took pains to carefully enunciate his views. 
In his great work on naval architecture he favoured the prin- 
ciple of longitudinal framing. In the construction of that mar- 
vellous steamer the "Great Eastern,'' he employed a modified 
system of longitudinal framing which was known as the box 
unit system, and depended for the continuity of its transverse 
strength upK>n a complete inner skin, which inner skin was con- 
tinued underneath the principal deck so as to form a double 
deck. There appears to be really little doubt that Scott Russell 
was greatly influenced in all the details of construction of the 
"Great Eastern" by the famous civil engineer, Brunei, who 
was in the main responsible for the creation of that leviathan 
of the deep. In practice, Scott Russell almost invariably em- 
ployed the ordinary transverse system, which there is no doubt 
he greatly improved by his powerful advocacy of the use of iron 
for decks. He appears to have thought, with other designers of 
his day, that the great stumbling block to the adoption of 
longitudinal framing was a certain lack of skill in the personnel 
of the shipbuilding yards. This, however, I suggest was not 
the real cause of his failure to introduce longitudinal framing 
generally. The underlying error of his attempt was surely 
contained in his method of endeavouring to secure his trans- 
verse strength. He actually goes out of his way to make it 
perfectly clear that the shell plating must not be connected with 
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the transverse streog-tli. He announced that the tmnsmyrie 
strength was io he secured hj means of bulkheads placed at inter- 
vals nit her less than the Ipnfrth of beam of any ^hip, hnt he dm- 
rribes in d&tail huw these bulkheads must not b© carried otit to 
ihty shell antl rivpted thereto, a« Ou> c^otmections of the bnlkhf^nil 
flirectly to the ehell might be expCK*ted to cause trouble. Frnm 
bulkhead to bulkhead, bn^lginpp over a distance of about *M] feet 
in a veft^el of, say, 40 feet beam fwhich would only be a verjri 
moderate sissed ves^sel indeed), he proposed t4> streteh his loni^i* 
tuflinaU. These wert* to be bf^und together by a series of iron 
hm>pjg, fitted in short length.'^ between the longitudinals. It h 
nbvious that a vej^sel built on tbift system would be of pnidigiauf j 
weight. With verj^ fine model, henvy engines tmd boilerw, uTid 
the enormous quantities of blinkers required in the time of Srott I 
Rusflell, it would be n very pof>r oargo boat lodeed. Moreorari^ 
Scott Ruaseirfl idea of making the intervals Ijetween the hulk- 
heads cnrrespnnding to Fvbout the width of the ship, would rather 
appfHjr to have been prompted by an instinet for symmetry and 
not dedneed from exact mathematical investigatioTi. One ex- 
periment only, T think, was made upon tbi? system, and then it 
was abandoned, at which one need not be sui'pnsed. 

T^otw ith sin n ding the fnnt that, generally speaking, longi- 
tudinal fr:niiiiig disn])poiir('d from practice for many years, I 
:\m sure that every student of naval architecture will freely 
ndniit with mo tliat tlic^so two groat men — Scott Russell and 
Bfunol — ^woro a long way in advaiiro of their times in thoir 
(tpiTiioTis a^ to tl]o (list ribiitioTi of materials in iron vessels, and 
tliat ^hipbuildintr sricnco, as a whole, owes them a deep debt of 
iri'atitiido. 

T need nf)t tako up your timo in reciting how the first genei*ally 
a('ro]if«Ml rnofliod of ronipon^at in<>" for the lowest deck in vessels of 
'J4 foot d<']>t]i w:i^ by hold boams and a marginal stringer, whirh 
Hk'h iravo way to woh franios roTinoctcHl to strong beams at the 
next (look ;ihov(\ whilo to sii])]iort the intermediate frames, inter- 
costal stT-ini^MTs officiontly attaohod to the wob frames were intro- 
(liKM'd ('^00 riatc XXXVTTT.). Tho intermediate frames remaine<l 
of flio sniK^ stiHMigth as formerly ro(|uired if deck and stringer 
\v(']«' fittod, and obviously on tho removal of this support be- 
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frames. I Jiave often wondered in tke drawing office why the 
scantlings of these frames were governed by a number obtained 
by the summation of the measures of the half breadth, half 
g-irth, and depth, and had so little relation to the distance 
between the intercostal stringers which defined the points of 
support of these frames. Web framed ships in their day, how- 
ever, did good service, and very little fault could be found with 
them, if we except the fact that not sufficient importance was 
attached to the riveting of the webs to the shell, and, where 
double bottoms were fitted, the connection at the margin plate 
left much to be desired. On the whole we must admit tJhat it 
was not sufficiently well understood that the webs, acting in 
conjunction with the side stringers, had to be strong enough to 
support all the intermediate frames. The expensive form of 
the riveted attachments necessary for web framing encouraged 
the development of the deep frame system, obviously a more 
scientific arrangement of material than that adopted in web 
framed vessels, inasmuch as a proper depth of frame girder is 
secured, and euch frame in this system is able to take care of its 
own portion of transverse strength without boiTowed support, 
with the exception of that obtained from the shell plating as 
previously explained. The increased demand for single deckers 
of larger size quickly brought up the question of compensating 
for the omission of all decks, except the upper deck, and a suc- 
cession of rather extraordinary types of framing was the i-esult, 
the most curious being a mixture of the web frame system and 
the deep frame system, with a tier of beams at the height of the 
lower deck (see Plate XXXVIII.)- It is obvious, in this system, 
that if the web frames were of any use at all in supporting the 
intermediate frames, there was no reason whatever for fitting these 
frames according to the deep frame rule. Fui-ther, if the web 
frames were not strong enough to support the intermediate frames, 
there was no object whatever gained in fitting them, as deep 
frames of the same size as the other deep frames would have been 
efficient. 

Turning back to the deep frame system without web frames, 
I need not remind my hearers that a strong attempt was made by 
fitting H or double bulb angle stringers, with an intercostal plate 
riveted to the shell, to support the deep frames at intervals between 
the deck and the floor (see Plate XXXIX.). It eventually became 
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obvious that this was a great waste of material, as the distance 
betwei'ii ihv bulkheads was usually so great tha.t these stringers 
were iiieft'eetual as girders with such a great length, and mostly 
being situated near tJie neutral axis, were unimportant as re- 
gards longitudinal sti*ength. Shipowners naturally objected to 
tlioso serious objections in the holds, and eventually the Classi- 
fication Societies, recognising that these side stringers did not 
materially support the framing, reduced the dimensions of these 
stringers, at the same time somewhat increasing the depth of the 
frame girder (see Plate XL.). The attention of naval architects 
in single deck ships, and vessels with deep lower holds, was then 
forcibly directed to the connections at the margin plate and at 
the beam knee, which were considerably improved. 

Quickly following these developments came the demand for 
single deck ships without shelf stringers or hold beams of any 
kind. AVhile my iirm was constructing (me of these ships, 
materially over 24 iiH}i in depth, per Lloyd's rules, I became 
greatly impressed with what appeared to me a great waste of 
material in the frame girder, which, in the vessel to which I 
refer, was 12^ inches deep by ^S ^o .^x) i^itih in thickness by 3i 
inches Hauges'-and o^ inches overlap. It appeared to me that a 
considerable reduction c(>uld be made in the effectual length of 
the frame girder, and consequently in the scantlings, and at 
the same time the danger existing in single deck steamers of 
the margin plate cracking would be guarded against by wcwking 
i'nmi the tank top as a foundation, and in curving the reverse 
frame gradually to a point at a comparatively great distance 
above the tank top. This suggestion met with such strong 
approval from the Classification Societies that it led to the 
development of what is known as the " C " system of framings, 
on which system my own linn has built six steamers. The 
frame was reduced to 12 inches by ./y, with single attachment 
angles and no increase in way of long hatches. Owing to the 
ri'verhc frame being secured so far in-board, there is less liability 
to tiij) and there is lull justification for the omission of some of 
the stringers (see Plate XLL). The form of frame naturally 
suggested making a similar curved connection at the upper end of 
the frame girder (see Plate XLIL), but 1 have never gone to 
the extent of curving the reverse frame into the beam knee, as 
sufficient recognition of such an improvement to justify the ex- 
pense has not been given. 
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In the vessel shown in the diagram (Plate XLI.), however, 
there is a very substantial saving of material, leading on 
the whole to a gratifying economy in construction, and increased 
deadweight with reduced tonnage. This system of framing has 
been well received by owners and their superintendents. 

The transvei-se system that I have referred to has given 
at the very best what is relatively a compressible structure 
lengthways. Those who have experience in ships' repairs, 
especially consulting engineers and superintendents, are well 
aware of the compressibility of the upper structures of vessels 
by the panting that is evident of the plating between the points 
of transverse support. Since the Classification Societies intro- 
duced the system of wide spaced pillaring in connection with the 
girders riveted to the decks, a good deal has been done by 
builders adopting this system towards Overcoming the compressi- 
bility of the upper structure. These intercostiil girders, how- 
ever, are a serious addition to the number of parts in the struc- 
ture and contain a large amount of costly riveting, and, while 
carrying us in the right direction as regards strength, take us 
further from simplicity. 

From the very shape of the close spaced transvei-se frame, 
which, commencing in an ordinary cargo vessel with a riveted at- 
tachment on the keelson, advances to the bilge with several vertical 
riveted attachments carrying the intercostal girders; then at 
the bilge with an expensive watertight attachment at the margin 
takes a sharp curvx* and extends up the side of the vessel, afford- 
ing riveting attachment to the side stringers ; reaches the first 
beam knee and sends out a branch at right angles necessitating 
a very heavy and expensive riveted attachment, and of which 
the rivets can only be htted in after special fairing and drilling. 
At every deck in the ship this branching process must be re- 
peated until it arrives at the upper deck, when the frame, with 
another similar riveteil attachment, turns at right anglers across 
the deck. Exactly the same number of turns, branches and 
riveted attachments are repeated on the opposite side of the 
vessel. This circuitous ti-ansverse frame must be pillared either 
by one, two, or three rows of pillars, and we must either put a 
pillar on every bc^im or collect the beams in groups by means 
of strong riveted girders, in order to open out the pillaring. It is 
difficult to conceive, without the minutest study in detail, what a 
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mass of useless weig^ht ib worked up in th(*s*e ImnsTer^i? inembeit, 
for a large part in riveted att^ickineuts, wWivli an' a source of wmk- 
Tiess rather than ati-ength, and not a pound of whif-h van be cnlhti 
upon to do service in the direction in which the most serimt^ ; 
strains affecting a ship must he met. 

1 wi#h iH>tt- to say one wriixi UKJie in regard to tlw value of 
IfjUffitiuiitial material in traiisvt^Hse fniined vesst^lfi* 1 under- 
stand that, ('-kigsifi cation Societieg and naval architects geTM*rnUj\ 
in catciilating the lon^itiirliaul strength of vi^8<?ls, nasunie I hut 
when the upper works are under rompreasion, and a vcss(*l 
undergoing sagging stn*s«es (I am paying particular attentiun 
to the upper works, as herc^in nio^^t failareH have been cxpen* 
enced), the viilue nf the plating Wtwet^n the beams is reckoned 
as able t^^ withstand a somowhat higher stn^as than experience 
teaches the material is able to stand in order it> provide a factor ■ 
cjf safety of about 8 to 1 with a ilead load. Fnim recent cansui ' 
of (3ollaps& of decks, it has been admitted that the plating be* 
tween the l>eunis has buckled under stresses of probably 12 to 
14 tons, acconliug to thickness. This assumed factor of safety, 
I fear, thert^foir, iu transverse framed vessel s, is in tirdinary 
cases nou -existent, besides which it is a questinii whether it is 
safe to assume such strains as deaij loads. For a number of year* 
my Hrin has been in tlio habit of fitting some longitiuliiial frani- 
iii.U" inidt'iiioath tlic niidsliip portion of the uppermost deck iu 
all vi'sscls, and, in every vessel of extreme ])ro})(ntions, has 
adopted the l(Mi^-it udinal girders on all decks to ensure increased 
lonu'itudinal slrengUi. 

I (liink 1 need say no more lo eonvinee my heareis what my 
attitude has lieen for some yeais towards tiie ordinary transverse 
system of fiamin^^-, and I would add that since the first day upon 
wliicdi 1 found myself in (dost' sympathy with Mr. Islierwood on 
this subject, 1 have not had one sinj^le moment of misgiving. 1 
would venture to say, also, that llie true guide to simplicity in a 
ship's structure is to take tlie skin framing through tnun stem to 
steiii, instead (d' following the (dlier toi-tuous rout<' at close 
s])aeed intervals throughout the vessel's length, leaving blanks 
between. 

Without further remark, 1 will refer you to Plate XLIIl., 
illustrating the .section of an oil steamer, ')55 feet iu length, now 
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with which Mr. Isherwood's name is associated. In this system 
the floors, frames, and beams are fitted long^itiidinally, being for 
the most part in long straight lengths. I wouhl suggest that the 
chief merit of the system is the way in which the transverse 
strength has been dealt with, and I would add that this has re- 
ceived the first consideration. Longitudinal stift'ening is for the 
most part woven through the transverse member in the neighbour- 
hood of its neutral axis. The transverse girders are directly 
attached to the shell, securing the greatest possible value from 
the shell plating transversely. It will be seen at a glance that 
this reinforcement oi transverse strength is obtained from the 
shell at the expense of very slight stress, owing to the proximity of 
the neuti-al axis of the transverse girder to the skin plating. In 
this oil steamer advantage has been taken of the circumstance 
that broken stowage is not a serious detriment with a liquid 
cargo, and full play has been given to the transverses as regards 
depth, and deep bracketing at the upper and lower parts, to 
reduce the eft'ective length of girder. The longitudinal strength 
of frames, floors and beams is maintained while passing each 
oiltight bulkhead by bringing up the riveted attachments to 
the strength of the member attached. This arrangement lends 
itself to greatly improved distribution of strains round the 
margin of the bulkhead, and the rivets passing through the 
bulkhead attachments are found to be subject to a much less 
severe stress than has been the case in transverse framed vessels. 

The next plate (Plate XLIV.) is the elevation of the same 
steamer, clearly showing the distribution of the transverse 
structures, and which explains itself. 

In designing the scantlings, an effort has bei»n made to keep 
the stress at the bridge stringer equal to that at the stringer in 
way of the oil tanks. This desirable state of aft'airs is com- 
paratively easily obtained by the aid of the new system. 

I will next throw upon the screen a series of photogiuphs 
taken of this steamer during erection. The vessel has been 
brought into fair shape by templating the longitudinals and the 
brackets attaching them to the bulkheads. The bulkheads have 
been erected and riveted as the erection of the vessel progressed 
from aft to forward. The stiffeners and the angles connecting 
all attachments on the bulkheads and webs were all riveted by 
hydraulic machine before the plates were lifted. 
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It Las been thought by some that serious difficulty would be 
found in erecting a vessel on this system, and I think the best 
answer to that must be that the greater part of this structure 
has bet»n erected and faired by the boys, in the absence of the 
carpenters, who are unfoi-tunately on strike. It has been proved 
by experience that the system gives unusual facility for com- 
pleting all internal work as the ei-ection advances, and this cir- 
cumstiince alone is having a marked influence in the direction 
of economy. The number of lugs and knees saved in the oil 
ship is very great indeed. Moreover, there is no necessity for 
fitting stringers, and the keelsons, with their enormous con- 
necting knees at bulkheads, are dispensed with, their functions 
being more efficiently taken up by the longitudinal floors and deep 
transverses, resulting in economy in material amounting to about 
275 tons, and at the same time reduced stress on plating and 
riveting throughout, and consequently much less liability to leak- 
age, and easier maintenance. The massive appearance of the 
structure has been the first impression of almost every practical 
man who has inspected. 

I now refer you to the framing plan (Plate XLV.), which 
shows at a glance how the spacing of the longitudinals is pre- 
served, and how the endings are armnged, and also the provision 
against panting. One remarkable feature of this plan is the great 
facility afforded at the ends of the vessel by using a little trans- 
vei-se framing. Two great authors on shipbuilding matters have 
stated the opinion that a longitudinal system of framing would be 
found especially useful at the extreme ends of the vessels. In 
actual practice, however, it has worked out quite otherwise up to 
the present time. 

Next, 1 (haw your attrition to Plato XLV I., the plating 
plan of the same ship, showing how, in the system of framing 
we are now considering, by a very simple arrangement of plating, 
crossing and landings may be avoided almost entirely. 

I come now to Plate XL\'I1., which gives an elevation of a 
shelter deck steamer, -iiiO feet long ; this will be the first cargo 
steamer constructed under the new system of framing. The draw- 
ing shows very clearly how the intervals between the transverses 
may be easily adapted to the deck and hold airangements of such a 
steamer. In the present case an uniform interval of 12 feet has 
been selected. 
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The last illustration (Plate XLYIII.) shows the full midship 
section of this steamer. I feel sure that llie simplicity of 
structure will appeal to all practical men who are present 
to-night. The ([uestion of erection, however, will be fore- 
most in their minds, and I have therefore (explained that 
to facilitate this important part of the building of the ship, 
and to quickly secure the fair shape of the vessel, the trans- 
verses are erected as complete as possible. T\w two side 
girders in the double bottom and the tank side are fitted intei- 
costally, so that the correct distance Ix'tween transverses is (juickly 
a^ljusted. It will be noticed that the longitudinal frames are 
jirraduated in size according to the water pressure they are re(|uired 
to withstand. The facilities afforded by the system to produce a 
design of double bottom of very great strength and durability of 
the internal parts is probably the most striking feature of the plan 
now before you. 



l)ISCi:SSI()X. 

The President said- -I am sure we are very much indebted 
to Mr. Craggs for havin;ir come Ikmc to-night, and I shall be very 
^lad to hear any remarks on his pa))er. 

Colonel R. Saxton White said-I am sure that you will 
iigree that the Institution is indebted to Mr. Craggs for the \)d\)vv 
lie has given to us on a most interesting sul)ject. 1 regrt^t 
that Mr. Craggs has not given us more information. So far as 
I personally am c(mcerne<l, he gave me the opportunity of visit- 
ing his yard to see this vessel in construction, and I extremely 
regret that circumstances arose which put it entirely out of my 
power to do so. I learn fitmi the j)aper'tliat not only has Mr. 
Craggs .satisfie^l himself, but he has also satisfied the authorities 
«»f Lloyd's, Bureau Veritas, and the British Corporation: and, 
therefore, I hesitate, after only having had an opj)ort unity of 
listening to Mr. Craggs and his description by the aid of the 
screen, to offer any opinion on this cjuestion in the way of 
criticism. I consider, however, from the information before me, 
that we are still a long way from a com))lete longitudinally 
framed ship. Of coui-se, one's idea might be entirely different 
after inspecting the ship, but, looking at the views of the vessel 
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thrown on the screen, that is my opinion. In regard to the 
saving in weight, Mr. Craggs claims 275 tons on a ship about 
850 feet long, but, again, judging from the screen, I do not 
quite see where it comes in ; and I think the Institution might 
appreciate the value of this paper more if Mr. Craggs, without 
giving away the whole show — which I have no doubt he has not 
the slightest intention of doing — would give us some informar 
tion and figures by which this very great saving of weight, 
whilst retaining the strength of the present construction, can 
be obtained. I do not desire to throw any doubt whatever upon 
the figures which Mr. Craggs has put before us, because I am 
certain he would not put such a figure in front of this Institu- 
tion unless founded on a well-calculated basis. Mr. Craggs 
rather looks down upon the old style of fiuming, and I hope 
I may still be able to appreciate that there can be designed an 
equally good system of construction ; but he refers, I think it 
was more particularly in connection with the web frame con- 
struction, to all the other frames as " weaklings " ; and therefore, 
presumably, not equal to do the work they are called upon to 
do unless they were supported by the web frame. That is true ; 
but I think the old-fashioned vertical framing is worthy of a 
more respectful greeting than to call them " weaklings,'' because 
there are far too many ships crossing the ocean at present abso- 
lutely depending ou these '* weaklings " for the good work they 
are doing. The longitudinals which are put in place of the 
vertical frame, supported as it is by what Mr. Craggs calls his 
Transverses, which may be a new name, but is very like au old 
friend, namely, the web frame. The mere transposition of these 
frames from the perpendicular position to the horizontal does 
not, in my opinion, change its character, as ihe new frame is 
equally a "weakling" with the vertical, depending as it does 
upon the support of the Transverses. Whether it will do its work 
as satisfactorily in the future as the old vertical frame has done 
in the past, of course time alone can tell, but, again, speaking 
from the slides thrown on the screen, where is the great advan- 
t4ige Lii the new system in regard to cargo capacity and clear 
holds )^ because, after all, shipowners have a great (l(»sire to do 
away with all internal obstructions, and obtain the clearest hold 
that it is possible to get. The deej) frame which Mr. Craggs 
shows in the (• section, I mean the double angle iron frame 
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without the web frame, I think presents a much clearer hold 
than in the new construction as represented on these slides, 
because it seems to me that these Transverses will interfere 
most seriously with the stowage of cargo. It may, of course, 
be that in the ship they might not be so prominent, but seeing, 
as I understand, in an ordinary cargo steamer that these Trans- 
verses are placed every 12 feet apart, again I rather seem to think 
that there is a very strong family likeness to our old friend the web 
frame. I quite appreciate the advantages that Mr. Craggs seeks to 
claim in regard to the omission of large brackets in the construc- 
tion of oil steamers if he can properly dispense with them in actual 
practice. Of course, you can do many things in a drawing office, 
but, after all, there is such an old-fashioned thing as experience. 
I recollect the first tank steamers that we built, and we had in 
those early days little or no experience to guide us as to the 
part played by bracket plates at the bulkheads in oil-carrying 
vessels. These, by the experience of years, were gradually 
strengthened, made larger, and, of course, naturally, more costly 
and more weighty. Whether Mr. Craggs's experience in the future 
may run on lines of our experience in the past, time alone can 
tell. The present structure of a tank steamer has been built up 
largely as the result of experience, based originally, possibly, 
on inadequate knowledge. But I am certain Mr. Craggs will 
in like manner bring to bear, in the event of his system requiring 
further consideration in the form of extra strengthening, the 
same clever adaptation of material to get over it, as is shown 
in his present departure. Frankly, I admit, Mr. Craggs's system 
looks more favourable from the tank steamer point of view than 
for the ordinary cargo vessel, because there necessarily we have, 
as he has shown you on the screen, a large number of bulkheads. 
You have in an ordinary tank steamer a matter of fifteen or six- 
teen bulkheads. Of course, that gives you a tremendous trans- 
verse strengthening to start from, and therefore the so-called 
longitudinal system advocated ])y Mr. Craggs appears to 
me — I speak without really having studied the question in 
detail — possibly better adapted for a tank steamer than an ordin- 
ary steamer, because I cannot get away from the idea that this 
large number of Transvei-ses must inevitably be an objection in 
an ordinary cargo vessel ; but w^hen Mr. Ci^aggs says in reference 
to tiink steamers that he has taken full advantage of his Trans- 
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verses, and this certainly is the case, as they appear to me 
to rather take the form of partial bulkheads, I af^ain refer to 
the slides thrown on the screen, they may not be so large as 
they appear, but they look pretty substantial — I do not know 
what they are 

Mr. Cbaggs — Thirty-three to thirty-six inches. • 

Col. Saxtox White — We\], that is about double the ordinary' 
web frame width, and in a 30 feet tank brings them 10 feet apart, 
with, it seems to me, considerable interference with stowage : 
but, as Mr. Craggs points out, in a plain oil steamer, not intended 
for the carriage of general cargo, such a question as interference 
with stowage is absolutely immaierial. So long as a steamer 
is cariying petroleum, of course, the fluid will go round any 
corner, but the experience of many of us with tank steamers is 
that they have not only to carr\' petroleum or liquid cargo, but 
large numbers of them also have to carry on the return journey 
genei'al cargoes, where the (luestion of interference with stowage, 
of course, must arise. I do not make the claim that the present 
system of framing, in tank steamers, does not present consider- 
able interference with stowage of general cargo. AVhether Mr. 
Craggs \s system would make any improvement is, I venture 
to think, doubtful. I apologise both to Mr. Craggs and the meet- 
ing for not IxMng able to speak on this question with a greater 
degree of preparation, because I should have liked very much 
to have accepted the invitation which Mr. Craggs kindly gave 
me to see the tank steamer now building, because without that 
you may get a very fleeting idea from the slides shown on the 
screen. They are not always self-explanatory, and some of the 
objections to the system might disappear; but I am sure that the 
members of this Institution, especially those who are present 
and who have seen the very interesting slides thrown on the 
screen which Mr. Craggs has presented to us, will feel that the 
Inst iUit ion is under a debt of gratitude to him for his great 
trouble in preparing this paper, because I know it must have 
Ihhmi done under stress of other engagements. I am sure the 
Institution apjireeiates very highly this paper, which should 
bring out a most interesting discussion. 

The discussion was adjourned. 

The meeting then dissolved. 
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AND SHIPBUILDERS. 
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PROCEEDINGS. 



THE CLOSING MEETING OF THE SESSION WAS HELD IN THE 
LECTURE THEATRE OF THE LITERARY AND PHILOSOPHICAL 
SOCIETY, WESTGATE ROAD, NEWCASTLE-UPON-TYNE, ON 
FRIDAY EVENING, MAY 15th, 1908. 



W. H. DUGDALE, Esq., M.Inst.C.E., President, in the Chaik. 



The Secretary read the miuutCs of the previous meeting?, held 
on Friday, April 3rd, 19()8, which were confirmod by the mem- 
bers present and signed by the President. 

The President appointed Mr. Summers Hunter and Mr. J. L. 
Twaddell to examine the voting papers for new members, and 
the following gentlemen were declared elected: — 

MEMBERS. 

Aitkenhead, Thomas Elliott, R.N., Engineer Lieutenant, H.M.S. ** Grafton," 
Portsmouth. 

Arnesen, Olaf, Principal Surveyor for Det Norske Veritas, York Chambers, 
Sunderland. 

Cormack, Charles, Sup. Engineer, 7, John's Place, Leith, N.B. 

Craggs, Robert Henry, Shipbuihler, Teesside Dockyard, Middlesbrough. 

Doxford, William, M.Sc, Shipbuilder, c/o Messrs. W. Doxford & Sons, 
Pallion Shipyard, Sunderland. 

Isherwood, Joseph William, Shipbuilder, Roman Road, Linthorpe, Middles- 
brough. 

Morvig, Georg B., Surveyor, 34, Azalea Terrace South, Sunderland. 
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Robson, John Potts, Marine Engineer, 58, Forster Street, Roker, SanderUnd. 
Ross, Archibald C, Marine Engineer, 4, Collingwood Terrace, Newcastle- 
upon-Tyne. 
Thomas, Thomas Roberts^ Eng. Surveyor, 261, Chester Road, Sunderland. 

ASSOCIATE. 
Murray, David, Accountant, 13, Argyle Square, Sunderland. 

GRADUATES. 

Deas, Charles Douglas, E. Draughtsman, 30, Harrogate Street, Sunderland. 
Haddock, Gilbert Forster, E. Apprentice, 16, Azalea Terrace South, 

Sunderland. 
Hill, Anderson C, E. Draughtsman, 4, Park Place West, Sunderland. 



THE LATE MR. WIGHAM RICHARDSON. 

The Prksidext said — Before we resume the ordinary business 
I would like to refer to the death of Mr. Wigham Richardson, 
who was one of our Past-Presidents, and one of the very early 
members and founders of this Institution. I am sure we very 
much deplore his loss, and the Council at its meeting asked the 
Secretary to write to his family and record our regret at their 
bereavement. 



The discussion on Prof. R.' L. AVeighton's paper on ** Piston 
Speeds and Steam Engine Economy " was resumed and closed. 

The discussion on Mr. E. Hall Craggs's paper on " The Framing 
of Vessels " was resumed and closed. 
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RESUMED DISCUSSION ON PROF. R. L. WEIOHTON'S 
PAPER ON " PISTON SPEEDS AND STEAM ENGINE 
ECONOMY." 

The two following communications were put before the meet- 
ing:— 

Newcastle-upon-Tyne, 

May 12th, 1908. 
Dear AIr. Duckitt, 

As I am unable to be present at the meeting for the resumed 
discussion on Professor Weighton's paper, I send you the follow- 
ing- communication : — 

At the outset I may remark that without further experiments 
carried out under conditions extremely difficult to obtain, it does 
not seem possible to draw any safe deductions regarding the effect 
which piston speed in itself may have on steam engine economy. 
The author has clearly pointed out that if it is desired to find the 
effect of altering one condition, that condition only must be 
varied during the trial. In these trials this essential has not been 
complied with owing to the impossibility of increasing the piston 
speed without at the same time correspondingly increasing the 
steam speed through the ports. The author, of course, is fully 
alive to this fact, and has called attention to it in his paper, but 
I gather from the title of his paper and from his remarks when 
reading it that he is inclined to consider piston speed rather than 
steam speed the dominant factor in producing the results shown 
by his curves. My own feeling is that probably the steam speed 
through the ports has had more to do with the effects noted than 
the piston speed, at any rate in the trials at the higher piston 
speeds. If we examine the curves we find that the piston speed 
is comparatively moderate and well within the limits of ordinary 
practice, even at the maximum revolutions, while the steam 
speeds become abnormal compaied with ordinary practice at 
quite an early stage. To illustrate this point I enclose a diagram 
(Plate XLIX.) in which the vertical height represents steam speed 
in feet per second, while the base line represents piston speed in 
feet per minute. The spots give the steam speeds through H.P. 
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ports in a number of engines by various builders and in various 
vessels ranging from tramps to warships. The horizontal line, 
AA, gives approximately the mean steam speed for H.P. ports of 
these vessels, while the line, BB, shows the H.P. steam speeds 
(for the triples) during the author's experiments at corresponding 
piston speeds. It will be seen that BB crosses AA at about 315 
feet piston speed, in other words, that after this speed (i.e., 105 
revolutions) the steam speed rapidly becomes excessive when com- 
pared with ordinary practice. Had I taken the L.P. steam speed, I 
think this would have been even more clearly shown. Remember- 
ing then that all conditions are quite normal except the steam 
speeds, I am forced to the conclusion that the fall in economy 
at the higher speeds is due principally to steam speed, especially 
when we know what excellent results are obtained by engines 
running at high piston speeds. If we examine Diagram 2 (Plate 
XXXI.) we find that the point of maximum efficiency or least 

W 

value of the expression t> tt p occurs at about 441 feet piston 

speed. It seems to me reasonable to suppose that up to this point 

W 
the curve of TnTxTp" falls owing to the gain obtained by increasing 

piston speed and docreusing condensation in the cylinders, but 
that after that point the eifect of abnormal steam speeds more 
than counterbalances this gain and the curve rises very rapidly. 
It would be interesting to know whether the indicator diagrams 
show signs of much wiie-drawing during admission of steam. 
ProiVssor \\'ei^hton points out that the conditions under which 
these tiials were carried out are not those usual on board a ship, 
where alteration in revolutions is carried out by means of 
alteration to steam pressure or cut oif. I ventured to remark, 
however, during tlie reading of the paper, that the conditions 
were similar to those when two different propellers were tried on 
one ship. For this case it will be readily appreciated that these 
curves have a vei y strong bearing on practical design. Take, for 
examf)le, the curve of H.II.P. in diagram 'J and imagine that we 
hav(» two e(|ually efficient propellers, each taking about 94 
IMI.P., one designed to run at 1!)0 revolutions, and the other 
at about 'J-)o revolutions. The power re(iuire(l by each propeller 
would be the same but the water consumption in the latter case 
would be anything from 15 per cent, to 20 per cent, more, or in 
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other words the weight of the boilers would be increased from 
15 per cent, to 20 per cent, for the same speed of the ship. Can a 
condition such as this be the explanation of some of the results 
that have been obtained by changing propellers? As regards 
the mechanical efficiency of these engines, I would be glad if the 
author in his reply would explain more fully why it is so low. ( )f 
course I am aware that the conditions are not strictly comparable, 
but we have now a number of determinations published of the 
ratio between B.H.P. and I.H.P. as found by the torsion-meter. 
Mr. Gibson gave some in his recent paper, Mr. Denny has pub- 
lished others, and the investigations of Dr. Fottinger in Gerniany 
are well known. In all these cases the efficiency curve rises as 
the power increases and at its maximum value generally reaches 
about 94 per cent. In Dr. Fottinger's experiments I understand 
that the torsion-meter was checked by a brake and found to give 
accurate readings. In his article upon ** Engine Vibration " in 
Engineering a few years ago, Hear- Admiral Melville of tJie I'.S. 
^i^vy gave an account of two torpedo boats where it was piovcd 
that excessive vibration had the effect of a brake upon the engine, 
so that the desired revolutions could not be obtained until the 
engine was properly balanced, after which the revolutions were 
obtained with ease and reduced steam pressure. Prof. AVeighton 
mentioned that his engines were unbalanced and he did not on 
that account care to run them any faster. I should like to ask 
him whether excessive vibration may have had sonietJiing to do 
with the results obtained at the higher speeds and also whether 
the inertia of reciprocating parts at high speeds has any effect on 
the results as compared with those obtained at low speeds. In 
conclusion, we must be careful to remember the author's warning 
that the.se results only apply to one particular set of engines and 
in the present state of our knowledge of this subject it would Ix' 
most unwise to argue from the particular to tJie general. Similar 
trials on other engines would probably give totally dittcrent 
results, and in view of the importance of the subject, I hope that 
such trials will be carried out at some other university or college 
that has the necessary facilities. 

Yours faithfully, 

Harold Thomson. 
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Glasgow, 

May 14M, 1908. 

Dear Mr. Duckitt, 

Anythinf^ I have to say regarding Professor Weighton's 
admirable paper is more in the direction of expressing* my 
admiration of the excellent work done by the engineering staff 
at Armstrong College, and my thanks to Professor Weighton 
for the clear and lucid manner in which the results of the 
experiments conducted there have been put before the members 
of our Institution, and the results placed at their service. The 
paper, as a ehronicle of results, stands upon its merits, and the 
uniformity shown in Diagram 1 is proof, if proof were needed, 
of the care and accui-acy with which the experiments have been 
conducted. 

Experiments in the direction of showing the effect upon 
indicated and brake horeepower, as well as upon steam cou- 
sumpt, due to speed of revolution, or, as the paper names it, 
piston speed, have been conducted by other experimenters, but 
never, so far as my knowledge goes, upon an engine which is 
of the modern marine type and of normal proportions. These 
experiments are therefore of exceeding value, and call for care- 
ful study from everyone concerned in marine engine economy. 
The rapid attainment of a speed beyond which no further 
increa^se of brake horsepower is possible with the valve settings 
experimented upon, must be of the nature of a revelation to 
most marine engineers, but the point which has attracted my 
attention most is the rapid increase in the work absorbed by 
friction in the case of the quadi-uple engine. The pressure (P/) 
upon the area of the L.P. piston necessaiy to overcome the engine 
friction is for the (luadruple, 

IV = 2-22 at 100 revolutions 

2-65 at 160 

r^27 at 220 

wliik' for the triple it is, 

2*G2 at 100 revolutions 
2-G2 at IGO 
3-12 at 200 

From the records of some experiments contained in Pro- 
fessor Mellanby's paper upon the " Relative Efficiencies of Mul- 
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tiple-Expansion Engines " {Trans, Royal Society of Canada, 

189G-1897), I deduce the following figures: — 

9—18 
Compound engine .r 12*3 expansions. 

P/ = 6'35 at 91*78 revolutions 

7-11 at 147-12 

g iQ ]Q 

Triple expansion engines ^^ 12*3 expansions. 

P/ = 7-3 at 89-82 revolutions 
7-2 at 148-84 

Triple — — ^r 12*3 expansions. 

P/ = 4-97 at 90-23 revolutions 
5-68 at 149-38 
Also, same engine, 22 expansions. 
P/ = 5*52 at 91-45 revolutions 
6-40 at 149 

r. J 1 . . 6i-9- 13-18 oo 
Quadruple expansion engine — ^ -c^ expansions. 

P/ = 6-4 at 91-00 revolutions 
7-41 at 148-9 

In Locomotive Performaixce, by Professor Goss of Purdu 
University, there are many interesting experiments upon the 
locomotives Schenectady No. 1 and No. 2, at various speeds from 
78 to 300 revolutions. The results are distinctly interesting 
and are of the same nature as those shown by the experimental 
engine at Newcastle, upon all points except that of engine 
friction, which, while varying on different tests, is practically 
constant at all speeds from 78 to 300 revolutions. 

The difference shown above in Professor AVeighton's tests 
of triple and quadruple, Professor Mellanby's tests of compound, 
triple and quadruple, and Professor Goss's locomotive tests, are 
sufficiently startling to raise the question in one's mind as to 
whether the increase in friction observed in the marine type of 
engine are inherent in the design of the engine or in the system 
of lubrication, and although the influence of increased friction 
is more apparent at the low mean pressure at which it was 
necessary to run the Newcastle tests than it would be at higher 
mean pressures, the question is nevertheless one of considerable 
importance. 
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The full value of these experiments will only be seen as the 
results obtained become fixed in our minds, and it seems to me 
that Professor Weighton has laid the whole profession under 
a very g^reat debt by showing the enormous influence speed has 
upon the efliciency of the ordinary type of marine engine. It 
is too early yet to see what this line of investigation may lead 
to, and I for one will await with the greatest interest further 
developments along this line of research. 

Yours faithfully, 

E. Hall-Browx. 



PROFESSOR WEIGHTON'S RIiU^LY. 

Prof. R. L. Weigiitox, replying to the discussion, said — 
The tirst speaker on the paper I had the honour of laying before 
you some weeks ago was Professor Mellanby, of Glasgow. The 
information which Professor Mellanby contributed was most in- 
teresting and helpful, and I wish to thank him for it. He has 
since supplemented what he said by sending a diagram giving 
results of a somewhat similar character from a very small engine 
ill his laboratory at Glasgow. He aske<l if I might add to the 
paper a curve or a table showing the consumption of steam as 
given from the high pressure indicator diagrams. I have done so. 
(See Plate L.) I had it prepare<] before, but I did not 
think it added very much to the practical character of the paper. 
It bears out what Professor Melhiuby anticipated, that the amount 
of missing (juantity gradually diminishes as the revolutions rise, 
that being the characteristic of an economical engine such as that 
at Armstrong College. I also thank him for the suggestion that 
valve leakage is probably a factor in determining the effect shown 
in the paper. I must confess that it had not occurred to me. It 
is cci-tainly a factor, though I do not think an important one. 
There would also, of course, be piston leakage, as well as valve 
leakage. Mr. Spence next spoke, and he asked a (juestion — a 
(|Uestion Hie answer to which he said (luite rightly might afford 
infoiniation to others than himself, namely, wjiy there should be 
such ;j (lillVrcnce innl it is coiisi(hMabIe l)etwcen the mean pres- 
sures ol (hi' (luadiuple and-triple expansion engines working under 
apparently the same conditions I-' A little investigation shows two 
things. First, that the nominal total number of expansions in 
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these two engines is not quite identical, being 15*9 in the quad- 
ruple and 14i in the triple. This would make some difference in 
favour of the triple having a higher mean pressure. But another 
feature which Mr. Spence rather surmised might explain the 
difference is that the triple, having the bigger high pressure 
cylinder, had a much greater volume of clearance. As a matter 
of fact, that greater volume of clearance is also larger than it 
would otherwise have been because the cylinder was designed to 
take a liner 12 inches in diameter instead of lOi inches. That has 
the effect of diminishing the actual expansions and raising the 
mean pressure to what it actually is. Mr. Spence also made a re- 
mark with i*egard to what I said with respect to speeds of steam 
and exhaust, which was a misunderstanding of what I said. I said 
the speeds of steam and exhaust in the low pressure were dis- 
proportionately great as compared with those in the others. That 
is absolutely so. There is a greater dift'erence between the low 
pressure and its predecessor than there is between any one of the 
others and its predecessor. Mr. Spence evidently thought I meant 
as regards other engines the low pressure had the greatest speeds. 
That is not so. 

Mr. Cairns sent a communication which I think was taken as 
read. It is well worth reading. Mr. Cairns writes in a style 
which is racy, and gives matter which is instructive. He suggests 
many experiments, amongst others those with piston valves. 
These experiments would doubtless all be very instructive if 
carried out. He also makes a remark, which I endorse, that the 
amount of improvement which in these days can be made upon 
good samples of modern steam engines is small, and it is hopeless 
to look for it in the course of ordinary commercial or industrial 
practice. You cannot discern it as a rule, and to look for it in 
any effectual way under such conditions would entail prohibitive 
expense, and probably in most cases it could not be done at all. 
Therefore it is only by experimenting in special conditions where 
all the factors are under control and can be varied at will, that 
you can hope to find out effects with the causes of them. Anyone 
who has attempted to experiment will, I feel sure bear that out. 

There is also a communication from Mr. Harold Thomson, 
which has been taken as read. I am sorry Mr. Thomson is not 
here to-night. I do not understand the precise meaning of some 
of his remarks at all. I do not think he means what his words 
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lead one to infer, but I suppose T must interpret them literally, 

Mr. Thomson bej^fins, and I am obliged to him for it, by emphWiz- 
ing the fact — which the paper had already empbasissed twice 
over— that the number of conclusions you can legimately draw 
from such a paper are very limited, and particularly warning 
readers t'nmi dnwring guneial conclusions from particular in- 
atancts, I have read a few papers in my time, and I have been 
accused of drawing conelunious which were not warranted by the 
premises, but 1 do not think I have ever been accused of drawing 
conclusions which I have not drawn at all, as Mr. Thomson's lan- 
guage might be interpreted to infer. In the very beginning of the 
paper I not only said the subject was not completely and fully in- 
vestigated owing to circumstances beyond my control, but I went 
further, and said I wished the paper to be looked upon as of a 
preliniinar>^ or introductory character, and not at all as a complete 
solution of the principal question. Yet, according to the literal 
text of Mr. Thomson *s communication, I rather gather that he 
has the impressioTi that I have drawn conclusions which are mot 
warranted* All I can say to that is the paper hsis been before the 
members, and uobody^not even Mr, Thomson in express 
language — has found any fault with the conclusions I did draw,' 
and which are given at the end of the paper and numbered 1, 2, 
3, 4, and 5. I said we could not draw certain conclusions because 
the subject required further elucidation. I cannot change these 
engines into other engines. I cannot make experiments which 
the engines will not permit me to make. I made all I could in 
the meantime, and I thought I might comply with the request 
of our President for a paper by presenting these results — incom- 
plete as they were — now. Premising that, I proceed to take up one 
or two points which I am compelled to dwell upon, because they 
bring home to my mind how much I may have been misunder- 
stood. The subject is voiy involved indeed, and one is apt to be 
misunderstood. Mr. Thomson says, " From the title of the paper, 
' Piston Speed and Steam Engine Economy,' the author is inclined 
to consider the dominant factor to be piston speed, ^^ Well, so it is 
— in a sense — in the circumstances, because it is the piston speed 
alone which determines everj-^thing else. Only by altering piston 
speed could we vary steam speed and exhaust speed ; but the 
author does not by any means consider it as the dominant factor 
in determining all the results. There is not only piston speed, 
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but steam and exhaust speeds, and they each have their share 
in determining the results; but in searching for a title which 
would be descriptive without being too long I thought the phrase 
" piston speed " was the best I could adopt, because it was the 
determining factor in the circumstances. Next, Mr. Thomson 
comes to a certain conclusion in these words: — ** Remembering 
all the conditions are normal except steam speeds, I am forced to 
the conclusion that the fall in economy at the higher speeds is due 
principally to steam speed, especially when we know what excel- 
lent results are obtained by engines running at high piston speeds," 
and he submits a diagram which is here. (See Plate XLIX.) 
I have put it on the board with the two curves in red which Mr. 
Thomson did not put on. ITie co-ordinates are piston speeds and 
steam speeds, and a lot of spots are given of the relation between 
piston and high pressure steam speeds of several vessels, embracing 
war vessels and tramps. Then a line is drawn through the average 
of the spots which Mr. Thomson calls ordinary practice, giving a 
mean value of steam speeds at about 117 feet per second. Then he 
says, *' it is obvious that the experimental engine came within 
ordinary practice as regards piston speed," meaning it does 
not go away far beyoii,d the end of line A A one way or the other. 
First of all, that is scarcely correct, because piston speed has no 
significance technically, unless you take account of length of 
stroke, and piston speeds which might be high for a short stroke 
engine may be very moderate indeed for a long stroke engine. 
The experimental engine has only 18 inches stroke. I presume Mr. 
Thomson's engines have strokes very much longer than this. So 
that the matter of piston speed is not a fair basis of comparison in 
these circumstances. However, assuming that it is a fair com- 
parison, he says the only abnormal thing about these engines is 
that they have abnormal steam sf>eeds, and therefore the falling off 
in efficiency at high piston speeds must be due to abnormal steam 
speeds, because it does not accord with the steam speeds 
of what he calls practice. You see the fallacy of that. It 
is tacitly assumed that the steam speeds of what is called 
** practice " are best. That is not in accordance with scien- 
tific method. We must biing practice to the test of experi- 
ment; and in the background of Mr. Thomsons mind there 
lurks — although I presume he would not confess to the soft 
impeachment — an idea that practice has already determined the 
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besL Ln refutatifm of this, to .*how that it is not an argument 

which is iferiuane to thp point, I have venturetl to put the two red 

curve."? on to Mr. Thorn son^s diagram. These curves give the 

pounds of water per hursepower fur the experimental eogiues, 

W 
The minimum value of "^^ffp" indicates the particular piston 

speed at which maximum economy occurred* and the particular 
steam speed. Maximum economy occurred at a steam speed of 180 
feet j>er secmuL Mr, Thumson says, ** 117 is the value for Drdinury 
piactic-e/* Huw doe.^ he know that economy would not be increased 
hy bringing it up to 18tl in ordinary practice? If this were a 
valid comparison, which, however, I do not think it is, the legiti- 
mate conclusion that can be drawn violates Mn Thouison*8 own 
contention, which is that owing to the fact that steam speeds go 
up much higher in the experiments than those usual in practiee, 
the want of economy at those high *steam speeds is due to them 
and not to piston speeds. My contention is there is no want of 
economy at the high steam speeds as is shown by Mr. Thomson's 
own diagram ► Whether you take the case of brake horsepower or 
indicated horsepower, in either case you get jiteam speeds far anil 
away above those of admitted ordinary practice, and only at ihme 
abnormally high steam speeds were the engines working most 
economicijlly. Mr. Thomson asks if the indicator diagrams showed 
much wire drawing. Of course they did at the higher steani speeds. 
Then there is a qu€>8tion Mr, Thomsrin asks which shows that wc 
marine engineer**, in my opinion, have ntit studied engine economy 
so closely as him! engineers have thuie. It is this. ** Why/' he a^ikfei, 
**is the mechanical efficiency of the engines (*o low!-'*' He goes 
on to adduce cases which have l>een publishcil of engines, includ- 
ing the results given by Mr. Gib^^on when he read his paper on 
the torsion-meter, and he says in all these cases tlie mechanical 
efficiency of the engines rises as the power rises, and he asks why 
it is so low in the engines in the paper, WelK it is a first principle 
in engine working that if an increase of powder is due to increa^ 
of mean pressure and revo]utions--w*hich are the conditiniis of 
niurine engine working^then the mechanical efficiency n$e?i a;* 
the power rises. And it must be so ; it cannot be otherwise* But 
in all the^e c^ses the efficiency of the engities rises as the powrr 
rises, he says* It so happens that in the case udtluce*! by Mr. 
Gibson, where he gave indicated horsepower an^l also shaft horse- 
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power taken with the torsion-meter, there is a very curious 
anomaly. As the power rises the efficiency falls ofE. There is 
certainly something wrong there. It is a point which Professor 
Welch raised in the discussion on Mr. Gibson's paper, and Mr. 
Gibson did not answer the question. There is an anomaly there 
that requires examination. But, first of all, the mechanical 
efficiency of the engines in the paper before us is not low — it is 
fairly high. It is not low considering the conditions. First, the 
engines are very small in dimensions, and the mechanical 
efficiency is usually higher, other things equal as dimensions are 
increased ; and second, these engines on the trials recorded were 
not being worked at their maximum power, and when you work 
an engine at less than its maximum power its efficiency falls. 
These engines at full power gave an efficiency of about 91 per 
cent. I scarcely think that any ordinary triple expansion marine 
engine will give a true mechanical efficiency as high as 94 per 
cent. Only 6 per cent, for friction of all sorts seems to me 
exceedingly small for such engines, even under best conditions. 
Then I spoke about vibration at high speeds. These engines did 
show slight vibration, and I did not put them to their highest 
possible speed, as I did not want to risk too much with so many 
young observers about, aaid Mr. Thomson asks, ** Did vibration not 
affect the mechanical efficiency ?^'' I do not know ; I do not think 
it could possibly affect it much. No doubt frequency of reciproca- 
tion will affect mechanical efficiency to some exent, but that 
again is a point which would occur in any engine driven at high 
speeds. Mr. Thomson ends by emphasizing the fact that we can- 
not draw any lessons from the paper, and again emphasizes what I 
said twice over in the paper itself that we must not draw general 
conclusions from particular instances. But when Mr. Thomson 
goes on to make this remark, namely, that similar trials with other 
engines would probably give *' totally different results,'' I think 
he is violating his own very wholesome dictum and is drawing 
a general conclusion from no evidence at all. There is nothing 
whatever to warrant one in concluding that exactly similar re- 
sults would not follow from similar engine trials. If such trials 
were made with vastly dissimilar engines then you might get 
different results, but try similar engines and they will give the 
same general qualitative results — though not necessarily the same 
quantitative. I feel sure a fuller consideration of the results would 
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convince Mr. Thomson lie is entirely wrong on this poiat. This is a 
subject which I have been stndyiug for years, and I am only sony 
1 have not so far been able to draw more definite and general 
conclusions than I have, but the more one studies it the more 
one sees the need iov further cxperimenta before fuller conclusions 
can be drawn. One thing ie certain, no rough and ready compari- 
aon with fnlUsized large commercial engines can give any infor- 
mation whatever. Reference must be had to the last ec] nation in 
the paper, namely, equation 9, which relates tbe economy of the 
engine to the water used per revolution, to the indicated mean 
pressure and to the mechanical efficiency, and tjiily by studying 
the effect of various revolutions on each of these factors can you 
possibly arrive at any general conclusions. 

I Jiave to thank Mr. Hall-Brown for a communication which 
I have only just had the opportunity of reading. I do not think 
there is any special point in it which calls for any remark from 
me* Mr, Hal]*Brown*s experience has enabled him to seize at 
once on what is probably one of the most significant featurpg of 
the results, via., the increa&e in friction losses with high speeds of 
complicated engines such as triples and quadruples. 

The President said — ^I am sure you will agree with me that 
^•(' ought to accord Professor AVcig-liton a most hearty and 
c'oi'dial vote of thanks tor the paper wliicli lie has f'ontril)iit(»(l. 
As he mentioned in his i)aper, it is an analysis of results which 
he has o])tained from liis exiK'i'iniental enpfines and he is en^a«r«'(l 
just now with thes(» experiments. They hav(» not yet l)een roni- 
pleted, and therefore we may lioj)e that in our ensuing sessidii 
we may have soin(»thing further from him upon tliis siil)jef't. 
I hope you will most heartily carry a vote of thanks to him. 



The proposition was carried by aeelamation. 
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KKSt^iTEI) BIsmrsSION ON MR. E. HALL ( RAGGS'S 
PAPER OK "THE FRAMING OF VESSELS/* 

The PaKsinF.xr e^aid — For obviouB reasons I do not wish to 
take up mut'h ot your time, hut 1 wdulil like to point uut thul 
Mr. Cr^gfi^E has not cLaimed in his paper having originated 
the idea of longitudinal framing. He admits that Brunei 
adopted a partial fcnm of lonj^itudinal framing in the '* Great 
Eastern;" that Scott-Russell adopted a isimilar system in the 
"Annette/' also tJiat it was adopted in some other steamers. 
I believe Mr. Crnggs is al;^ aware that a patent was subse- 
quently taken out by another gentleman. But the system does 
not iieem to have attained very much popularity, and I am gure 
we an* very much imlebted to Mr. Craggs for having l^rought 
forward the subject to us for discussion. I wish to point out 
that although we as an Institution do not exploit any particular 
pateut, we are always glad to receive information from any of 
our members who have conducted research work, and glad to 
have the results of their investigations, I therefore hope that 
the discussif>D to-night will take such a form as to render it 
a valuable addition to our TraHstTctions^ and also to the litera- 
ture of our profesftion, I would like to ask you to remember 
that the subject we have now to discuss for the nest hour or 
80 is ujKm the relative advantages or disadvantugcs of longitu- 
ilinal vrrKUi tru diverse framing* and not the validity of any 
particular patent. Therefore if those about t« take part in the 
discussion mil kindly remember this» and confine themselves to 
what I think we may reasonably consider to be the main issue 
of the qttsstion, I believe that the paper and the discussion will 
really be a valuable contribution to our Transactimis. 



Mr* % W. De Rufi:ETT said — ^We are thankful for a practical 
imper like this, especially as it draws attention to such a 
fle|mrture in ship c^onstruction, I am glad the drawings have 
becMi added to the pa pert otherw^ise ivo should have lost the value 
of the lantern slides which were exhibited when the paper was 
read. 
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With i^egard to flef^ign of long-itudinal side framings I re- 
member ao arrangement which was brouj^ht to my notice some 
ten or fifteen yeara ago by a worlvnuin living in TyJi*?mouthj and 
iu which the principal ohjf^^'t in view was that of fa4*i lit ut- 
ing hydraulic rivetting of shell. He pniposed web frame?* at the 
usual inten'alw, with longitudinal frames iK^tween, placed one on 
each !>irake of shell in a .similar umnner to that illustrated in 
Plate XLYIII. At that time difficulties presented themselves 
principally with regard to erection and fairing. These ditlicultieit, 
by the experience of Messi-s, Cirnggs, appear to have been ground- 
less. The design, however, was not taken up by the AV'allsend 
Shipyard, I have no doubt hydraulic rivetting of shell would be 
materially ;^implitied by the adoption of lungttudinal framing. I 
thought I might mention this incident as a matter of history. 

Longitudinal framing and beaming will be especially valu- 
able where the plating is subjected to severe buckling struius, 
ai4 iu the bottom and upper decks, and practice has been tending 
this way for some years past^ by the introduction of longitudinal 
girders in conjunction with transverse beams, and more numerous 
hold stringers, but Mr, Craggs has made a bolder departure with, 
I think, more decided ail vantages, especially so with rcganl to 
the upper and lower members of the structure. For in the system 
described in the paper, the longitudinals will enable the t^hell and 
decks to endure the tensile and compressive strains which conic 
upon them better than by the present system. 

The savings, especially in fumocing, must be considerable- 
It would be pleasing if Mr. Craggs could favour us with the saving 
in cost of erection, which he states was all dcme by apprentice 
labour* 

I think the longitudinal framing specially lends itself t*i 
tankers, because in them we do not have to consider broken 
stowage, but when applied to ordinary cargo vessels, and especi- 
ally to insulated steamers — the deep transverse webs and deep 
hatch end beams w^ll brpak bulk a good deaL Besiiles, thrn* 
would be a good deal more difficulty in keeping the holds clean 
on account rjf the many ledges formed by the longihidiual frnnii^iit 
upon which coal, grain, sweat and dirt would lodge. Further, 
as the cargo battens would have to be placed veriically, ther** 
would, I think, be extra work in fitting them, especially at the 
ends of the ship, where they would have to be sprung into pUm. 
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In Plate XL. the reverse frames are extended over the tank 
top. This is a nice detail in construction. It was adopted in the 
construction of the " Mauretania," where the connection of the 
frame to the tank top and side proved very efficient. 

It seems to me that sufficient provision has not been made for 
resisting lateral strains in the design before us, for so far as I can 
see the only provision made, apart from the bulkheads, is by weba 
spaced 10 or 12 feet apart and they appear to be only attached to 
the tank side and top by the usual lugs and gusset plate. Whereas 
in an ordinary web-framed vessel, having the usual number of 
bulkheads, we have, in addition to webs spaced about 12 feet apart, 
frames spaced about 2 feet apart, all the feet of which are at- 
tached to the tank in a substantial manner. Probably most of us 
remember trouble experienced before this detail received the 
attention it now has ; therefore I cannot help thinking that some 
trouble may be experienced in this vessel for want of lateral 
stiffeners, unless the drawings do not show all the provisions 
which have been made in this respect. 

I like the bottom ; it appears to be very accessible, also suit- 
ably supported, provided the longitudinals are properly con- 
nected to the transverse parts. 

I omitted to mention what I think is an important advantage 
in longitudinal framing, and that is that the scantling of frames 
can be varied to suit the pressure which comes upon them, say 
by the varying depth of water, whereas in ordinary framing this 
is practicable only to a limited extent, hence a considerable 
saving in material. Besides, as has been pointed out, the system 
lends itself to dispense with packing and joggling by projecting 
the frames and beams for outside strakes beyond the moulded 
line. 

On again looking at the diagrams, I do not see whether the 
longitudinals are thoroughly attached to the transverse webs 
and floors, etc., or whether they simply rest or bear against the 
notch which is made for them ? If the latter, I fear it will be 
found that movement will take place in consequence. The 
diagrams do not show this detail except in the tanker, and in 
Plate XL VIII., where I notice the alternate fore and aft beams 
are attached by a lug to the deep beam, the others appear to be 
simply resting in the notch and against the sharp edge of the 
punched plate. I fear this will prove to be unsatisfactory, as in 

vpj^ MiV.-iw 24 
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practice it is doubtful whether the platers will punch the notches 
with sufficient accuj^cj to form a reliable aad fair support to 
this part of the structure. 

In my opinion, an aiTangement combining the propofied longi- 
tudinal franiinif for bottom and deck, with the ordinary deep aid* 
framing, without hold stringers, would be more suitable for 
tramps than the entire longitudinal system described in the paper. 
And that longitudinal lK^ttom framing, with (he usual transverw 
beaming and aide fra tiling, would make a good combination fur 
paasenger steamers. 

Personally, I thank Mr. Craggs for having bften good enough 
to read this paper. I hope he will reap all the benefit he gbould 
n*cerve by the bnfdness of his venture, and the way he has over- 
coine difficulties of detail in design and construction, and for the 
cordial invitation he has given to the members of the InetituUon 
to visit his yard and see for themselvea. 



Professor J. J, Welch said— In the course of the remnrb 
which Mr de Rusett has just made he said questions of hi§to/T 
were of interest, and I wish to confine my remarks almout 
entirely to one or two hifitorical points associated with tb^ 
earlier attempts to introduce longitudinally framed vessels, as I 
think this aspect of the question might with advantage have 
been dealt with at somewhat greater length by the author of 
the paper. 

I am not sure I understand the author's remarks to the effect 
that " one experiment only, I think, was made upon this system." 
If it means that only one " Great Eastern " was built, I agree: 
but if it is intended to convey the author's impression that 
only one vessel was constructed on the longitudinal system, it 
hardly represents the facts, since the ''Annette" was also built 
by Scott-Ilussell on this system to class at Lloyds, and at 
least two others were built abroad by Mr. B. Jensen, of Danzig, 
a gentleman who was at one time an assistant to Mr. Scott- 
Russell. An account of the *' Annette " is given in Scott- 
Russell's work on yavtil Arclutectutr: whilst those built abroad 
are described in an early volume of the Transactions of the 
Institution of Naval Architects. Although differing in details, 



DISCUSSION ^FltAMING OF VESSELS. 821 

Somebody has said that he found most of his best ideas stolen 
by the ancients, and it seems to me that Mr. Cra^gs and Mr. 
Isherwood have just cause for complaint in the same direction. 
In these earlier vessels bulkheads were worked about 40 feet 
apart, whilst longitudinal frames on each strake of plating and 
also under the deck, were worked between these bulkheads, and 
were securely attached thereto at their ends. Between these 
bulkheads transverse partial bulkheads or broad frames, as they 
were called, were worked 10 feet apart, with special plate beams 
under the deck. These correspond with the transverses worked 
in the later vessels about 12 feet apart, although in the Isher- 
wood system these transverses are continuous, whereas in the 
earlier vessels they were fitted intercostally between the longitu- 
dinal frames and were connected axjross those fra.mes by diamond 
plates. The bulkheads, too, in the earlier vessels were carried 
out to the shell plating, as in the Isherwood system, so I 
cannot think the theory advanced by the author for the failure 
of the earlier system of construction, namely, want of direct 
connection of bulkheads to shell, can be sustained in face of the 
facts. It is true that in the " Great Eastern," where a double 
bottom was fitted, the bulkheads were stopped at the iuner 
skin for easily-understood reasons, but this method of con- 
struction was not an integral part of the system and was not 
adopted in the smaller vessels. 

As to the weight involved in the *' Great Ea*stem," the 
author says, "It is obvious that a vessel built on this system 
would be of prodigious weight," but Sir William White ha« 
put on record (** Presidential Address," Inst. C.E., 1903) the 
following statement : " I have most thoroughly investigated the 
question of the weight absorbed in the structure of the * Great 
£astem ' and my conclusion is that it is considerably less 
than that of steel-built ships of approximately the same dimen- 
sions and of the most recent construction," and after pointing 
out differences tending to make modern vessels heavier than the 
earlier one he adds, " after making full allowance for these 
drfferences my conclusion is that the * Great Eastern ' was a 
relatively lighter structure." Scott-Russell, too, claimed for 
the " Annette " that, with the same weight, the hull was 25 per 
cent, stranger than a vessel of the same dimensions of ordinary 
type, whilst Jir. Jensen asserted that the hull of his vessel, 
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designej with sliell plntin^ somewhat thinner than allowed hy 
Lloyds in association with the ordinary type of framing', w&^ 
7 per cent, lig^bter and 10 per ceoit. stronger than the yeasfeX 
of ordinary type; or, with bijttoni plating eqnal to Lloyd f^» th^^ 
hull wa** 3| ppr eent» lighter and 18 per cent, sti-onger. 

It should not be forgotten that although the longitudina 
system failed to make headway in the Mercantile Marine it Wf _ 
and is adopted to a hirge extent in a modified form in battl^^ 
Bhi]>B, particularly in double bottoms, the main framing m. 
these parts being worked longitudinally throughout, whil ^ 
the transverse frames are 4 feet apart* 

It will thus he geen that a system of conBtmction very simiL.^ 
in its main featureg to that detailed in the paper before ^^ 
and rerommended on the grountls of easier construction, a::Kiz 
lightness combined with strength, has been already tried, h^r- 
failed to find acceptance in the Mercantile Marine, principaL 
T believe, for the reason given by Mr. Scott-Rns^elb name' 
an indisposition to change from a well-known to a comparativ 
untried system. 

The longitudinal system has now been re-introducetl T[>y 
Messrs. Craggs, and their plans^ worked out as they have b^^^^ji 
with great skill by Mr. Isherwood, show mine im]xjrtant dit^^^^r- 
ences of detail from those of the earlier constructions, wh. i^ la 
their workmen have the additional *^kill accumulated fi-ont 
years further experience in iihipyajxl methodsii ; it may theref «r:3r^i 
very well happen that this re^introdnctioa will be attended wr ith 
the success denied to earlier workers in the same field. 



Mr. RowLA.vB Ho DUE said— The President remarked at "fchel 
opening of this discussion that we were to overlook the fact tX^at] 
this paper, read by Mr. Craggs, related to any special patent, ^»-ix(l 
to confine the discussion to the methods^ or benefits, or others?' ^^i 
of the longitudinal system as compared with the transvC-^r^ i 
system of framing. 

The President— What I said was, as an Institution, wt* *''*^ 
not exploit any particular patent, and as the paper is upon *''** 
framing of vessels I thought it well to indicate that, 

Mr. HoDGB — I was unfortunately unable to be prefient at ^^^ 
meeting when Mr, Craggs's paper was read, nor wa^ I able to f»r 
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present at the meeting in London. I regret that, because there 
is no doubt this system of framing resurrected by Mr. Craggs and 
Mr. Isherwood is of great interest. After the meetings I was in 
London, and my old friend Mr. James E. Scott came to see me 
in connection with this suggested invention of Mr. Craggs, and 
he brought with him a patent specification taken out by Mr. 
Scott, which I found was dated 1871, and he brought also a 
report of the Institution of Naval Architects of a paper read in 
London by Mr. Scott in 1872, bearing almost identically on the 
subject. Mr. Scott asked me if he might come down to be present 
at the discussion of this paper. I put the matter before the Presi- 
dent, and he was kind enough to invite Mr. Scott to come down 
and give his views on the paper. He is here to-night, and there- 
fore I will not detain you by saying anything further. 

Mr. R. HiNCHLiFFE said — 'Mr. Craggs, in his able paper, has 
given us a very interesting description of the latest effort to intro- 
duce into the construction of mercantile vessels a longitudinal 
system of framing, or, to speak perhaps more correctly, a system 
of framing in which longitudinal frames play a more important 
part than in the usual present-day practice. This is not by any 
means the first attempt that has been made to bring about such 
a change ; it remains to be seen whether Messrs. Craggs and 
Isherwood will be able to accomplish what their predecessors have 
failed to do. The first feature of this system of framing which 
will appeal to designers of mercantile vessels is the claim which 
. Mr. Craggs makes, that he has been able to satisfy the require- 
ments of the various classification societies and yet eft'ect a saving 
of 275 tons of structure as compared with the usual methods of 
construction. Provided the writer of this paper can effect a pro- 
portionate saving in other types of vessels he will have established 
one very strong claim for the universal introduction of his system 
of framing. It would be interesting if Mr. Craggs could give us 
the weight of structure he hopes to save in the construction of the 
shelter deck cargo vessel mentioned in the latter part of his paper. 
The main purpose of the framing of a vessel is to form a frame- 
work to which we, can attach the watertight skin and which will 
maintain the form of the vessel. If, whilst attaining these 
objects, certain portions of the framing material can be utilised 
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to give loagitudiiial strength, an advantage is gained, especisL"!^ 
in vessels of large si^se. Tlie Islierwood system of framing see ^ 

to be especially good in this respect. 

Given a certain area of shell to support, the system adopted^ 
all systems of framing coasi^ts of dividing the surface intc^ 
seines of panels. If one system of framing is lighter than auotlk. ^^r, 
it logically follows that either the panelt have been made larft; "«sr, 
or the frame of each panel or certain of the panels, has been m t"^ di 
lighter. If I have gathered a correct impression from the diagrts*. :^m^ 
preeented by Mr. Craggs, the panels in the system he deseri ^Ki^aes 
are somewhat larger than those adopted in the ordinary trans v^ jr se , 
system of framing. By placing the largest dimension of the pai.:Ki=a4|^H 
horizontally instead of veiiically, however, the material is im ^m^d^^ 
equally efficient, ami possibly more efficient in the case of ve&^-«i'I^ 
which are subject to large bending moments. 

(liven u certain area to support by means of a frame work j t: 
methods ure available; we can either adopt strong stiffeM 
widely spaced or weaker stiffeners can be used and closely spao^-^sd. 
The former arrangement generally gives the greater stiffness 
a given weight of structure. JJoth these methods have \>^^^^-l 
adopted in the trtmsverse system of framing, the strong stiffs 
in the web frame system, and the weaker stiff eners in the d 
frame system. The web frame system, it h generally recognii^^?di' 
gives a stifEtT fi-amewmk for a given weight of structure than ^fche 
deep frame system* This fact notwithstanding, shipowneis ta 
leaned to the deep frame system on aecouut of certain praci. i 
advantages which need not be discussed. Li the methoil 
framing described by Mr. Craggs, the system of strong stiffen 
widely spaced, has been adopted, indeed the system migh^ 
fairly correctly described as a glorilied web frame system, ^"^^ 
hence it carries with it certain of the objections essential to ^ 
system. It remains to be seen whether shipowners will overl^ 
these drawbacks in return for the other advantages gained. 

With regard to the details of construction it is not poKs^*- ^^ 
to criticise them to any great extant from the limited informs^ ^ ^ 
supplied. Considered purely from a theoretical standpoint, I* 
ever^ it at once strikes an obser^^er that, considering each lo* 
tudinal frame with its corresponding piece of shell as a contio^*^^^ 
girder, it is weakest at the point at whicn the greatest bend^^^ 
moment will come, eVe,, in way of the transverses; the weaki^^*® 
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being caused by rivet holes. Brackets worked at these points 
would serve to strengthen the girder and might permit of the 
scantling being somewhat reduced. Their introduction would, 
however, tend to complicate the structure, and they have probably 
been omitted for this reason. 

In Mr. Isherwood's paper, read at the last meeting of the 
Institute of Naval Architects, he shows that as far as those 
stresses, whose amount can be approximated to by calculation, 
are concerned, the system of framing under discussion gives an 
equal amount of strength, and in many cases more strength than 
the usual transverse framing. There are, however, certain ship 
stresses which do not admit of exact mathematical analysis, such 
as racking, grounding, and docking stresses. Judging by inspection 
only, it appears somewhat doubtful if this new system of framing 
is quite so well adopted to meet those stresses as the old, especially 
in the case of the shelter deck vessel. It may, however, provide 
all the strength that is necessary, and in this respect a year or 
two's sea experience will be more convincing than any amount of 
theorising. I would conclude by expressing a hope that Mr. 
Craggs will give us another paper upon this, subject when more 
vessels have been built upon this system and tried in service. 

Mr. Abchibald Hogg said — I thank Mr. Craggs for giving 
us this opportunity of discussing his system of framing. I am 
certain that shipbuilders are very glad to welcome any system 
which is at least as good as or better than the old one, and is 
more economical in weight of steel used, and Mr. Craggs's system 
will be especially welcomed if his claim in large economy and 
increased strength can be proved. 

I have carefully studied Mr. Craggs's description of his system 
and I find some points in the construction and in the principle 
to which I would draw attention. We are discussing the 
** framing" of steamers, and I would repeat Mr. Craggs, in 
saying that a main point in the principle of construction in 
his system is the great inclusion of the " plating " as part of the 
** framing;" by doing this he effects a considerable part of his 
saving of weight. 

I think the old transverse system is not being quite blindly 
followed, neither is it maintained simply because it was used 
in wood shipbuilding. The reason for its use is that it is a 
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convenient and an ecouomical way to use the weight of 8t«e=! 
it is a principle in construction by which, even though th^ 
may have been faults in detail, the framing by iteelf ar 
unaided by plating, except where unavoidable, stiffens t 



lie 



bottom and sides and leaves a flat surface for the hold ceilir 
sparring or tank tops, without any or the lea.st poBsible obstn_^=i^ 
tion to the cargo, while Mr. Craggs's systena adopts projecti ^g 
trandverses with longitudinals next the shell, deck axid dimfczile 
bottom plating, and largely depends on the '* plating ** for 
strength. 

The weight of steel framing for either system may he si 
to be practically the same if they are calculated to do the m^mw 
work m*ith the same amount of obstruction, without the aid 
the plating i but Mr. Craggs's framing on this basis will ooi 
as strung as the old one, nor nearly sty. One of Mr. Cr^igja 
claims is that he is building a tanker of '155 feet lenglht t*t jo-^ 
atruoted with his system of fnmiing, which fT-aniing wi*i^ 
only about two-thirds of the weight it would have if it (keepi 
same sixe of ship) had been built with the old syi^teui 
framing; it is actually less by alx)ut 27 "i tons net weight ^r^ 
say J 300 tons gross. The ver^y fact of this great 6a%^ing is . 
t^i arouse one's suspicions of the strength of the framing imud 
to make one afraid of serious trouble ariiing the moment trim 
strains are started in a seiiway. 

Mr. Craggs'd systeoi of framing is composed of bulkheodi 
used as transVBrse stiffen ei*s antl large trausversej* support IJ/^ 
small longitudinals and including a.ssumed se^vice.^ to h 
rendered by the shell tank top and deck plating. I hare m 
details, so I caiinot judge whether the bulkhe^s are piTij^erlv 
constructed, but they may easily act as transverse stiffeniair 
The transverseti, however, I consider are not properly const ritcl^f. 
because at least one flange of the ginler is entirly cut awuv < 
eveo' Inugitudinal, so that they have, say, only Iialf the sti'efigUi 
they might have or are calculated to have ; Ixjth flaiigt*s ;tr? 
actually cut away at certain parts. Of course, Mr. Vrt^ 
calculates on the shell or other plating acting as flanges af the 
girders* I ask him to explain why he can reckon on the plutiBK 
acting thus for his transverse© and for hi.'? longitudinals afi*^ 
at the same time reckon on it for the main structural stn'Ujrtl't 
ri- *-r''' :ii5 fpr the resisting of the water pressure betwci^n tiiP 
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frames; the stress due to the latter pressure will be 40 to 50 
per cent, greater in Mr. Craggs's system than it is in the old. 
The plating is not nearly strong enough to do all this work 
safely. It is wrong to reckon on material doing work in two 
directions at the same time, especially when it is fully worked up 
in one direction. In ship practice a small fraction may be 
available, but it is not proper or safe construction to reckon 
on it. If you take a piece of steel, 1 inch area, and pull 
30 tons in one direction it will break, leaving nothing to get 
a hold of to pull in a right-angled direction. Mr. Craggs 
reckons on the shell plating as active and entire flanges of his 
transverses, but to do so he ought to increase the thickness of 
the plating, and I ask him to say what he has done in this 
respect. The large weight of steel saved seems quite proof that 
he has not increased the plating, in fact I understand he rather 
proposes to reduce it, so that with the plating doing so much 
work the girders proper ought to be constructed so that they 
can be relied on to do the whole work, but these being cut at 
the longitudinals, are much too weak for that purpose. Thus 
we have here what looks like a serious reduction in the cal- 
culated strength of this steamer's framing. To begin with, the 
framing is about two-thirds of the weight one would expect it 
to be and the steel framing that is there, with broken flanged 
transverses, may be put down as being, at the most, say about 
half as strong as it should be. 

I would like Mr. Craggs to tell us what is the stress per 
square inch, in tons, on the midship bottom plating due to 
water pressure, assuming that his ship is at rest on a long 
ivave with the crest of wave amidships. 

Mr. Craggs maintains the longitudinal strength of his frames, 
floors and beams, while passing each transverse bulkhead by 
bringing up the riveted attachment to the strength of the mem- 
ber attached, all longitudinals being cut at the bulkheads (this 
is something new in ** butt '' shifting). He claims that this 
improves the distribution of the strains around the margin of 
the bulkheads, he claims a saving in lugs and knees, including 
what he terms the enormous connecting knees of the stringers 
anjd keelsons, and on the top of this he claims a reduction in 
the structural stress form about 10 tons to about 7 tons per 
square inch. I hold no brief from Lloyds, but I believe it is 
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not their intention that a steamer 355 feet long should have a 
stress of 10 tons. Mr. Craggs includes his longitudinals in the 
structural strength, but these have already more than their own 
work to do, and especially so, if you neglect the plating, 
and Mr. Craggs says their scantlings are designed to do that 
only ; thus they are not made with the view of doing any more, 
so that Mr. Craggs has no right to include them in the struc- 
tural strength, and thus, when you omit them from the struc- 
tural strength, the stress remains as it was and so he does 
not reduce the stress. With the view of including the longitu- 
dinals in the structural strength he continues their strength at 
the bulkheads, and note, only their sti-ength and no more ; thus 
he admits having fitted no extra knees to distribute the effect 
of the bulkhead, so that he cannot claim to save that which 
he only omits to fit and which he ought to fit because they are 
necessary. 

These tran verses of Mr. Craggs are extra strong rings sup- 
porting all the plating, and they create strains around their 
margins, similar to those at the bulkheads, yet Mr. Craggs fits 
no brackets to distribute the effects; he does not even attach 
his longitudinals to the ti-ansverse. I would like to know why 
he omits to fit these attachments. The fact is that his steamer 
should really have a greater stress than the 10 tons, because 
the framing is so much weakened by cutting the flanges of the 
transverses ; thus none ot iliose claims seem to hold. 

1 fail to see any tie pillars in the oil tanks and no prepara- 
tion for any. I wish Mr. Craggs to explain what he fits as 
compensation for their admissioji ; his transverses are weak, so 
of course they cannot act as tie pillars. 

The longitudinal frames are graduated in size according to 
the water pressure they are retjuired to stand. This is a new 
principle and does not provide extra strength for the larger 
strains due to the larger size vessels, which must result in 
weakness. 

I think Mr. Craggs's system will give a very weakly stiffened 
flat of bottom in general cargo steamers with double bottoms. 
With the old transverse floors every 2 feet apart, each supported 
on side frames, the strength is not excessive, yet his are about 
six feet apart or more and they get little or no support from the 
long longitudimils; these transverses should have heavy top and 
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bottom flanges, but Mr. Craggs's have no flanges at all, and 
what makes it worse is the fact that the " intermediate " trans- 
verses in Mr. Craggs's system have no webs or brackets on the 
ship's side to take the reaction there, so that these lose most of 
their strength; they are almost unsupported girders. 

I understand Mr. Craggs to say that he continues his trans- 
verse plates through the main deck stringer plates and fits no 
compensation, because he calculates that the ship has ample 
longitudinal steel ; in fact he cuts away about 5 feet of one of the 
main factors in the longitudinal strength. I think it is quite 
necessary to fit compensation. 

Mr. Craggs points to what he terms the weak point of the 
old transverse system, but I think he is wrong; it is not the 
framing that is weak if the plating buckles, it is the plating that 
requires thickening. The old transverse system may have minor 
faults, but the minutest study in detail will not find a '* great '' 
mass of useless weight worked up, especially in double bottom 
steamers. The large full formed steamers of to-day require 
more. I believe even Mr. Craggs will not say they are too 
strong. If the framing was so bad as to have one-third more 
weight than is necessary it would be apparent at the first glance 
and would not require the minutest study in detail to find it, 
as Mr. Craggs says. 

I ask Mr. Craggs, if Lloyds, British Corporation and Veritas 
have approved of the construction and scantlings as being fitted 
in his tanker and general cargo steamers which he illustrated. 
He does not say so in his paper, but if they have approved I 
think the fact should be recorded in Mr. Craggs's reply. 

It would be interesting to know if Mr. Craggs's firm gives 
the purchasers of these steamers a guarantee of strength. I have 
no fault to find with the principle of longitudinals and trans- 
verses, provided you properly construct them with the necessary 
amount of material, but having done so I am afraid the old 
weights will not be very much aft'ected. The transverses would 
be an obstruction when stowing dry cargoes, more so in an oil 
tanker, and there need be no such obstruction with the old 
system. 

To sum up my remarks, I consider Mr. Craggs's details of 
construction are seriously inadequate. I consider his principle 
of including the plating, without increasing its thickness, as 
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forming nearly half the framing sti^ngth, is an entirely erro:*: 
oua one. I consider that it m wrong to ealcuIatL* on the platm^ 
as part of franiitig in any way except where it is tjuite iinavc^ i 
able. I think it would greatly add to the usefulness of t:.J 
paper if Mr. Craggs will follow it up with another after tl*^^ 
BteaJuerB have been thoroughly tried at sea. 



Mr. James E. Hcoit, London (by permission of the Preside ^:m^ t] 
said— I am very mucli indebted to you indeed for the kind ^^m^ 
in which yon have received me here» amU as the President ^a 
at tlie beginning of the meeting, we should confine this discuss i^cj 
to the framing of veasels. and not to exploit any one patent o'^ei 
another. To 1>e done with the matter of strtjog transverses, S<3^c:)t0 
vtrstna Isherwood, I patented this inwide transverse tie fram^ in 
1871, and I have nothing more to add to it; that is my last iro^nl. 
As to Mr. Uraggs's paper regarding Scott- Russell with his lai^gi- 
tudiually built ships, as one gentleman remarked he did not oxmljr 
build the '' Gitrat Eastern/' but the '* Annette/' and I addetl tJie 
*' King Xoilee " aud the ** Souraba^a ** in 1870-1877. Ho far ms 
getting at the tranverses strength is concerned. I miirht reaJ yeu 
some of the remarks* of Mr. 8cott-Rnsj^ell in the discusAioii «Q 
my paper re^ul before the Institution of Naval Architects i»o 
March 22ml, 1872, He said:^ — '"His longihidinalH are certaiitly 
much improved by putting the tran^sverse frames uu the insi*hv 
because they are all stemlietL ,.-.,! think with hi* 
internal framing, which is an approximatiim in an inside Iiiiii*(f 
or a second ski a, only much cheaper and lighter, I shoulil "*" 
di!^po,sod to leave out a great deal of the iutcrcostal filling; »o«' 
my rea^n is this, I think the tskin would do, aud be strong enougl* 
without the iutcrcostal filling/* I left out the iutcrctjstuls aHo^t* 
the bilge, so thai Ihis inside trnnsveriie tic frame that 1 was f*'!**"* 
nnte enough to briug into use, Scott- Russell points out, took ^1^^ 
place of his luside lining or necoud skin. The next point I b'*'**'" 
call attention to in Mr. (/raggs* si (laper is thi?i. He sayn the exp^^^* 
of intercostals in an ordinary deep frame whip it enfirnujiii*. W^l*^*^ 
doea he do in thest* strong tranaverscH that he pntpf»se*s? H** p*^' 
poses to make every one i*f tliest* iutenosta] up in the ik'cks, n'llli 
no eunaeotioa whatever lo the longOmlinal fVames, as Mr. J^** 
Rusett pointed cmt, neither in the deck beams, nor in the long*"^* 
dinul Iraitios in the bottom, nor in the deep tloor pUites that lit? i*>* 
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given us nearer the centre line — there is no connection in any 
shape or form. As Mr. Isherwood, in his paper upon it, said — 
" the transverses are slotted to receive the longitudinal frames " — 
a frame 12 inches deep, without any attachment to the inside 
frame is sure to work ; and the first thing he will have to 
do is to attach these longitudinals to these transverse frames. 
The next point is broken stowage. AVhat really sounded the death 
knell to the web frames and those extraordinary fastenings or 
stiff enings that were introduced into cargo steamers was the 
broken stowage. Now here Mr. Craggs tells us he is going to 
put in these strong transverse frames projecting into the hold. 
There is no owner going to stand that sort of thing. You take 
away the capacity of your ship at once for any general cargo 
except grain in bulk. Then as to the shape. Mr. (haggs says: 
" The vessel ha^s been brought into fair shape by templating the 
longitudinals and the brackets attaching them to the bulkheads.'' 
Will any practical man tell me he will build a ship by setting up 
the bulkheads and putting the longitudinals between those bulk- 
heads? Sometimes we have them 50 or 00 feet apart. How 
are we going to keep these longitudinals in place? Simply be- 
cause they are fastened to the bulkheads ? It is nonsense. That 
was the origin of the tranverse frame that we have to-day, and 
was handed down to us from our forefathers. That was the object 
of the transverse frame. It was to give the fonn to the ship, and 
that can only be done by setting up the transverses in the very 
first part of the construction of the vessel. In Plate XLY., as 
Mr. De Rusett pointed out, there is no connection at all. There is 
simply a slotting out of the transverse to receive the longitudinal, 
and thus, as another gentleman pointed out, the connection 
is left to the covering plate of the outside shell. Tlie out- 
side shell has quite enough to do, and especially at that 
point where he has riddled it with rivet holes. I wish Mr. 
Craggs had gone a little further and given us some figures as 
to the relative strength of longitudinal versus transverse. That is 
what I think we as scientific shipbuilders want to come at. AVhen 
I had the honour of reading a paper before the Naval Architects 
in 1872, 1 took out some figures as to the relative strength of these 
vessels, and I found that the cross-section of transversely-framed 
vessels is to longitudinally-framed vessels as 12 to 15, and that 
the resistwce to longitudinal bending is as 9 to 10, and 
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that the resistance to horizontal bending is as 9 to 12. That 
is, vessels of exactly the same weight, not taking anything 
off for the extra strength given to the longitudinal ship, 
but taking the same weight as a whole. That is equal to about 
15 per cent, more strength longitudinally in longitudinally-framed 
ships, which would enable a lot of our ships to do more service. 
Suppose a vessel to have a certain longitudinal strength, then 
take the difference between transverse and longitudinally-framed 
ships ; this would make a difference of 11*6 lbs. per foot, which 
equals 105 tons in a vessel of 900 tons weight — that is, the total 
weight of material or an exact total saving of Hi per cent, on 
the gross weight of the ship. It may be thought that there was 
too little ti^ansverse strength in the oross-seetions of the keelsons 
put transversely, but you will find you have a superabundance of 
transverse strength by transferring the usual keelsons material 
to the wide-spaood transverses. The greatest longitudinal thrust 
was reduced from 4'24 tons on the 8(|uare inch in the transversely- 
framed ships to 8(>5 tons in the longitudinally-framed ships — 
nearly a ton on the square inch — that is in vessels of exactly the 
same gross weight. The greatest bonding strain in a transverse 
ship classed to Lloyd's was 5*52 tons per square inch, while if the 
framing and flooring material was applied longitudinally the 
vessel would only have 4'59 i(ms on the square inch. So you see 
it is actually more than a ton difference on the square inch. 
Another point I would bring to your notice. In this small vessel 
that I took out, well, comparatively small, only '^00 feet by 34 
feet by 29 feet moulded, the deduction for rivet holes in the 
transversely-framed ship was 108 inches. The deduction for 
rivet holes in connecting the longitudinal frames to the skin was 
only i)i) inches, leaving 40 inches to the good in the longitudinally- 
framed ship; but if Mr. Craggs is going to riddle the ship every 
12 feet with a double row of closely spaced rivet holes from keel 
to upper deck, ho is missing all the advantages of the longitudinal 
vSystem. There is nothing stronger than the weakest part of a 
chain, therefore there is nothing stronger than the weakest part 
of his transverse section of sldn plating. I am pleased ill is longi- 
tudinal framing is being now pushed, and I hope that we will 
get lots of shipowners bold enough to come foi-ward, as Messrs. 
Lennaid have, and give orders for longitudinally-built ships, and 
that will induce other builders to come in and gain the advantage 
that can be reaped from this longitudinal system. 
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Mr. Joseph W. Isherwood said — I had studied Mr. Craggs's 
paper with great interest, since it touches on several types of ships, 
the construction of which I am intimately acquainted with. It is 
only on reading such a paper as the one under discussion that we 
realise the enormous strides that have been made in ship construc- 
tion during the last quarter of a century. North-East Coast ship 
builders and shipowners are in my opinion to be congratulated on 
the part they have taken in the various developments in spite 
of the opposition they have had from time to time to face. 

Mr. Craggs remarks that the influence in the practice of 
wooden ships is still felt at the present time. Fortunately, this 
influence is gradually disappearing, along with the influence of 
those who learnt their shipbuilding in the wooden days, and with 
those who found themselves unable to adapt their methods to 
the advance of science and knowledge. That this influence is 
undoubtedly felt yet, however, is shown by section 41, paragraph 
13, of Lloyd's rules, which to my mind demand extortionate com- 
pensation for the omission of the wood middle deck, although the 
middle deck beams and stringers are retained, and the omission of 
the wooden platform does not alfect the transverse strength to 
any greater degree than would the removal of a few bundles of 
firewood. I would respectfully suggest that our able representa- 
tives on Lloyd's Technical Committee should take up this matter 
and put an end to this particular form of penalty for omitting a 
platform which an owner may not require, as if he does not 
require this platform, why should he be robbed of the deadweight 
saved, which is most valuable since it is obtained without increas- 
ing the draft ? 

As previously mentioned, the North-Ea.st Coast has been to the 
fore in all developments that have taken place in ship construction 
during the last quarter of a century. As is well known, the North- 
East Coast was the home of the well decker, a very useful type you 
are all familiar with. A development from the well decker was 
the port awning deck steamer, also a North-East Coast production. 

These vessels did very good work in their days and were found 
to be very suitable and economical cargo carriers. The author of 
the paper remarks that some time ago it was a serious consideration 
to leave a tier of beams out of a vessel 24 feet in depth. In the 
yeax 1895 my old firm, Messrs. Fumess, AVithy and Co., of Hartle- 
pool, bad the courage of their convictions, and put their foot down 
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in a very decided marjner, and in face of grB€d appositioD, bj 
btijlding a single-deek steamer without hold beams, which wai 
bey and the mystic depth of 34 feet. It is ditBcult to my huw much 
we ai'e all indebte<l to the* coumge and foresight of our respected 
representative on Lloyd's Technical Committee in taking? this mo^ 
important etep, and to the British Corporation Itegister fr»r I heir 
total disrcfiranl of antirjuated conventionality, 

Messrs. Doxfonl had then also introilured their well known 
turret ship. We are all aware of the hu|;fe .success that hafv attendetl 
Mestsrs. Doxford iu their entei^pri^^e. ai^ain in the fiice of oppoi^itioD 
which events have prrive<l to he iinreasnaable, and I thiuk we 
should be proud of the fact that we have such a courageous hmi in 
our midst* Messrs. IHkoh have alsio develof^eil an admirable type 
of Bteamer which is worthy of the success that ha.*s attended it. If 
Mr, Craggs had included in his paper the consideration of this 
latter type of steamer, I am ^ure that he would at once have agrecil 
that the upper pai-t of the vessel is not a c(UiipressibIe structure 
lengthways. Messrs, Itopner have also made giT^tt strides in the 
development of their well known trunk steamer, where the deck 
is well MUpportcd to resist longitudinal buckling. We have also 
McGhi.iihauV well known side tank steamer^ a type which 
admirably combines strength and utility, I am sorry Mr. Craggs 
ha** not had time to touch tm these types of vessels, since they 
iire all interesting in considering such a paper as the framing of 
ships. 

We also have Messrs. Armstrong, Whit worth & Co,, irhose 
staff will design anjihing fi-om a warship to a ferry steamer or 
ice-hrcaken While in reganl to the nnniher f>f oil steamers built 
they easily hohl the record, we must not forget that the oil steamer 
is also an East ('oast production, built up in face of great opposi- 
tion. I was sorry to hear Mr. Saxton White, however, state that 
the present structure of a tank steamer had been designed largely 
as the result of experience based possiblj^ on inadeijuate know- 
ledge. Whitst I do not wish to decry experience, 1 will say this 
that in every case of a vessel giving trouble, where mathematical 
investigation lias been subsecjuently made, it has been proved that 
failure should have been expected. How much better if the 
mathematical Jnvt^stigation had been mado tietorehimd anil the 
design modified accordingly. Mr, White abo nmiarks, '* Of course 
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you can do many things in the drawing oflfice, but after all there 
is such a thing as old-fashioned experience/' My experience, 
though it may not be old-fashioned, has shown that the most 
successful ships are those that have had the most careful investiga- 
tion in the drawing office, and I would much prefer to pin my 
faith on investigation — such as that done in bridge building for 
instance — than trust to old-fashioned experience. It takes old- 
fashioned experience a long time, probably accompanied by a 
long series of failures, to develop wrong into right, whilst a close 
and careful calculation on sound principles can quickly arrive 
at reasonably accurate conclusions. I cannot for one moment 
admit that our great North-East Coast reputation has been built 
up even largely as a result of experience or we could not have made 
the huge strides we have as pioneers, and credit should be given 
to the drawing office staff where it is undoubtedly due. 

I trust that I am not taking up too much of your time, but 
this paper covers so much interesting ground that one could almost 
write another in commenting on it. It appears to me that Mr. 
White takes a wrong interpretation of the writer's designation of 
" weakling " for the intermediate transverse frames in web- 
framed ships. I took it that he (the writer of the paper) wished to 
lay emphasis on the fact that the intermediate frames are depend- 
ent on the support they obtain from tlie web frames, through 
the side stringers, and I cannot agree with Mr. AYhite when he 
states that there are far too many ships crossing the ocean at pre- 
sent absolutely depending upon these weaklings, as such is not the 
case, the intermediate frames being so small as to be of very little 
value without the support obtained from the web frames. Mr. 
White tells us that he has spoken without studying the matter in 
detail, and on looking into it carefully T think he will agree 
that the obstruction in an oil-tank steamer built on the new 
system is not nearly so serious as in a web-framed vessel where 
there are deep horizontal plate stringers fitted in association with 
the web frames. Further, the transverses are not about double 
the ordinary web frame's width, and I do not think Mr. AVhite 
would be satisfied with a materially less depth of web frame in an 
oil-tank steamer built on the ordinary system of the same depth 
as the vessel made reference to in Mr. Craggs's paper. He 
probably overlooks the fact that this is by far the deepest single^ 
deck oil steamer ever built, and if built on the ordinary system 
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\hv web fmmeB would probably requirp to In* of the same deptH * 
Th^ depth moulded of thin steamer in 28 feet, and no intermediate 
deck or bold beams are fitted. 

1 have already mentioned severa] of our North -East (*cia.£%t 
developments^ nnd fully ajr^ee with the writers remarks mn 
his descriiition of the extrnordinary ty|>esk of framing tlii»t 
i^i*iiltt*<! h^mi the rtmimercinl m^ee^i^ity nf dispensing with the 
myotic stiH'l miildU* ik^^k. 1 refer |>aHirular!y to Plate XXXVI I X< 
of the paper whirh j*h«w>* a vesael having ln>th deep frame:^ ai^d 
web frames* in adilition to a tier of widely-spaced hold beams i n 
ussociation with a broiid stringer pltite. This type of ve»iiel J» 
almofit exclusively a North-l*jfljit Coagt production. Hero ««"e 
have not much to be proud of. There is no doubt almut I lie 
fltreugih of these vessels, but it is a most regrettable circuDistaticc 
that they are earthing hundreds of tons of useless weight abou* 
the ocean, I challenge anyone to give a valid reason from a 
strength point of view for tht^ aecessity of lit ting Iwth ile^^p 
frames and web frames. Xorth-IJast Coast builders are im«»t 
responsible for the design of thiB steamer. They shrew<lly 
recognised the demand to meet trade requirements, but the metb^^d 
of compensation wa^ determined by the t'lassitication socit**y 
which classed all such vessels. To put back tlie weight of tl^*' 
niiildlc deck, in any form wliatcvcr, ai)|)cai's to have been tl^^' 
oiil\ dc<idciatuiu apart from any (jiicstion of stren^tii, and tl*^' 
ir-ult iv a ^rcat ])lot on liiitisli naval architcctnic and a contiiin -'' 
(hain u|)on the already overtaxed owniT of sucli shipi)in,ir propei't .^ • 
to ^ly noiliintr about tin* unnecessary initial expenditure. 

In ni\ o|)ini(Ui the nio^t <iniple and efficient form of tran>v«*t'~"'' 
tiainiiiLr ^o far devised is that >hown in Plate XLI. of the pap*'^- 
aiioilnr Nnri li-l!a<t Coa^t develo])ment. Shipo^vner'^ who lii« ^''' 
had iKtuhh' with maririn attaidiments will at once realise th ^"^ 
ihi> njetliod of framinir will overcome their difficulties, and it '^ 
to he !eLrrett«'d that m<»re con<ideiati(»n has not been given to M- ' 
t laLTL'^v's pid|)o>al to pr(»vide a >imilai attacdinient to the iH^ii^*' 
^\lll(•h would (d)viou>ly be of irreat advantatre in deep single-(b'<* '^ 

Our (iMtwiiiiiLT Xo! th-Maot ( 'oa^t aehievemtMit is that marvellous 
-ttaniei ■■ Mauretania.'" the fa>te^t and largest steamer in tin* 
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be proud of their remarkable exposition of not only what can be 
done in the drawing office by careful investigation, but what can 
be done by North-East Coast workmen under skilful direction. 
Enough I think has been said of North-East Coast development, 
and it is a pity that encouragement has not been given to the 
advance in naval architecture which it deserves. 

About two years ago an alteration was made in the freeboard 
tables which almost added a year s production of deatlweight 
carrying capacity at one fell swoop, and which may have in a 
large measure contributed to the present depression in ship- 
building. This is experience — bitter experience — and the sooner 
it is old-fashioned the better. Would it not have been better had 
the freeboard tables been brought up to date, and kept up to date, 
by careful investigation from time to time, thus making use of 
the valuable experience gained. For, after all, what is calculation 
but a scientific application of knowledge gained from experience. 
From a strength point of view the freeboard tables are based on 
a set of rules which are now obsolete. These rules make no 
provision whatever for dispensing with the third or lower tier 
of beams in a vessel 24 feet deep, and make no provision for web- 
frame ships or even deep-frame ships. I would give another 
instance of lack of encouragement. Although we have been 
building deep single-deck ships without hold beams or broad 
stringers since 1895, when Furness, AYithy & Co. built the first 
of these vessels, none of the classification societies have yet made 
rules for this type of vessel. 

It was with great interest I listened to Professor Welch's 
remarks on the various longitudinal systems of ship construction, 
but I was somewhat disappointed with Professor AVelch. I ex- 
pected more, from that gentleman, in the nature of a technical 
criticism — one that would have gone into the strength of the struc- 
ture and dealt with the new system on technical grounds. I gather 
from Professor Welch that the weight of the ** Great Eastern '' 
compared favourably with the weight of a ship built on the 
ordinary system. But at that time there were no ships of any- 
thing like the dimensions of the *' Great Eastern." The '* Great 
Eastern " had plating | inch thick. It is a matter for considera- 
tion whether we should consider plating J inch thick sufficient for 
a vessel of the same dimensions built on the ordinary system. 
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Professor Welch : The authority I quoted was making com- 
parison with ships of smaller size, and said the structure com- 
pared favourably with ships built at that time, and was a most 
satisfactory structure from the point of view of strength. 

Mr. IsiiERWooi) : At that time the only vessels built on a longi- 
tudinal system were the " Annette" and one or two small ships, 
but certainly thei-e was no ship approaching the dimensions of the 
'* Great Eastern '' to make comparison with. 

Professor Welch : There were other ships built. The 
** Annette'' and the two other ships were actually built on the 
longitudinal system, and a direct comparison could be made 
with the smaller ships at that time and classed at Lloj^d's. 

Mr. IsHERWooD : Mr. Hiuf^hliffe makes some interesting 
remarks, and he touches on the stresses which cannot be calcu- 
lated. Docking stresses, I think, are stresses that could be very 
readily calculated, backing is a doubtful stress to estimate, but 
grounding stresses we certainly cannot calculate beforehand. Mr. 
Hogg also makes some remarks with regard to the strength of the 
framing structure. In a deep framed ship the shell plating forms 
part of the transverse girder, and that, I think, is one reason why 
dce])-framed ships have been so successful. 

Mr. N. H. HuRr.Kss said- -I consider Mr. (^raggs's paper one 
of the most interesting that has been before the Institution for 
some years, but it might have been more so, if tlie main scant- 
lings had been given for the new system of framing. It might 
be interesting to seveial members present to know that after 
obtaining the scantlings of Mr. Craggs's -ioo feet oil steamer from 
Mr. Isherwood's paper to the Institute of Naval Architects a 
detailed estimate of the weight of steel in that vessel showed a sav- 
ing of 275 tons, thus proving to be* correct that which seems to be a 
matter of doul)t with several people who have seen the construction 
of the ship, also others who have a considerable experience with 
shi])s' weights. This saving represents roughly about V2 per cent, 
on a vessel built to -f 100 Al Lloyd's. It is well known that a saving 
of steel can be etfected in transversely framed vessels when built 
to a certain classification society's requirements, which apparently 
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do their work quite as satisfactorily as those built to more exacting 
rules, the saving being often as much as 10 per cent., which 
all goes to prove that with a little scheming and careful arrange- 
ment of the several component pai-ts of the structure a con- 
siderable saving can be effected. Especially is this the case 
with Mr. Craggs's reducing of the scantlings to suit the varying 
water pressures from the keel upwards, his system of construc- 
tion lending itself veiy simply for this reduction. There is often 
a great difficulty in getting a classification society to pass a 
scheme of scantlings which would produce a saving on the 
weight of steel material. Experience teaches us that where a 
classification society has conceded anything, that concession is 
generally counterbalanced by an increase in the scantlings else- 
where, and I congratulate Mr. Craggs that he has been able to 
produce such a scheme of scantlings so as to pass the chief classi- 
fication society's criticism and effect a saving of 12 per cent. 
That the structural strength is quite sufficient gives a good field 
for debate amongst the older members of the Institution. In 
the meantime I pin my faith on the experience and judgment 
of the several classification societies. 

In conclusion, I thank Mr. Craggs for his interesting paper. 

The Secretary submitted the following communications: — 

May Uth, 1908. 
Dear Mr. Duckitt, 

I only venture to comply with the President's reiiuest for 
some remarks on Mr. Craggs's paper, because I have myself been 
very much interested in the question of the most efficient system 
of framing in ships and have some time ago read a couple of 
papers dealing with the same subject as the communication under 
consideration but from a somewhat different jwint of view. 

I am sure the thanks of all interested in shipbuilding are 
due to Mr. Craggs, in the first instance, as the reader of this 
paper and in the second instance to him as the builder and to 
the owners who have had the courage of their convictions and 
made it possible for such radical changes in tlie method of con- 
struction as they advocate to be put to the test of actual experi- 
ence, and everyone will wish the builders and owners the success 
in their venture which they deserve. 



I igmMm agufi^ witL Mr. Ciaggs m^ to t^ pnctiee of wood 

kiplmildiaiF iia^iAg had ion grefti an mfliiea(?<e on iron aad 

'bad tUp maitroriiwi^ ui wflsvaer liuiii which we h^re not 

jr«4 tjf aau i«Bi I ■■■■! fjMlmt mcrveli'vi. ^tich r^iclical sttue- 

Imml Bodifiestintt* at pnrfaed bj Ha^i«. Craf^ will, haw- 

th^ tiiB^ T^hen we ^aU be quite rid of any 

> of vo^d eoiistraetion, but I do not gii m far 

9t to i»7 we ik^Il fkca be entifdy witbunt tfansrerse frames. 

Wttb il«d «i the naterial, endle^ viarjeties of cott^tmetion 
af«^ puwU^ ^»iiy cpf wiwh maj be of pmetiralJj t*<|tial ^m^ 
ittfal rSraeacy althrrogh diffrriiMf widrlj in chd meter and coil 
of firodQctiOft, but la practice tl^eiv faa« tiot« «o far, l>eeu gi^ 
in tbe fexieral disporilkiy of the tuaieriaL This kttAt 

; t&a\d he interpreted aa Ihm be^t «Ti«tem tuiring already bmui 
egfthlinhed^ but I mgv» with the author in believing that th« 
«T[i!atioD i^ nut qtttte t^tuplele jrrt or the jEreneral type of caa« 
siructian ha# not becotne stable in all respects. 

An exuninaiMin of this tim^tiun most necessarily m a grett 
iDeasnre be tbeoivlicaL In tmnt^ferring^ the experience we hare 
Itained by existing stmeturee to new and untried arranifement* 
of material mathematical methods must l>e employed* Certain 
points can be examined by the mere span and moment of inertia 
ealcu'aciun. but thi- iiirtlu'd lails where there are radical change^ 
in the >nurtural ai laijs-ements and must therefore be employed 
with extreme < autinu. AVhen there are considerable difterence? 
in coiistiurtioh ]>fiween the >tnictures compared it is iiecess;\ry 
to look at the «jUestioii from a broader point of view and to 
employ moie sreiifial method> which we may or ma}' not be able 
to put into exac t complex mathematical formulte. 

The pioblcm t>t the ireneral eliiciency of the various S3^steiib 
of fiamiuir is therefore a very difficult question, which cannot 
be settled cateirorically. AVhat will be the most efheient cou- 
st ruction under certain conditions and for certain sizes ami 
types of ve>sel will not be so tor other sizes, types, or conditions. 
For a it^r[aiii depth ot welv^ and a certain depth of deep frame!? 
the vvid> system may W the mort* ecnnomieal structurally. A\ itL 
deeper and thinner fraiues the deep-frame arrangement may k 
mure etticient. Ihe result ot a eomparisan depends^ therefore. 
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Generally speaking, it may be said that when the designs 
are reasonably sound for the various systems compared there 
will not be any great difference in their relative efficiency. A 
g'ood and strong ship can be constructed either way. It is not 
necessary to adopt the transverse system of framing for the sake 
of getting transverse strength, because that can be (juite well 
obtained by the longitudinal system, and on the other hand it 
is not necessaiy to adopt the longitudinal system for the sake 
of obtaining longitudinal strength, because that can also be 
easily obtained by the transverse system. The question is 
largely one of depth of girders versus hold obsti-uction. AYhen 
deep girders can be used economy of material may always be 
effected in whichever direction the parts are arranged, but when 
the important point is unobstructed hold space, a uniform depth 
of girders is essential and that is only obtainable with a trans- 
verse arrangement. 

With regard to the stringers in vessels with deep frames I 
'always felt very strongly that the huge four angles and plate 
girders were useless. The gradual reduction to two bulb angles, 
two angles and a single plain angle have been slow but sure 
steps in the right direction. The practical jeappeaiance of this 
longitudinal material in the shape of girders under the deck 
beams has also been an improvement in the efficiency of the 
transverse arrangement, but against pure buckling tendencies 
the close spaced fore and aft disposition of the beams is certainly 
the more eflficient. 

Mr. Craggs mentions the question of stress at gunwale and 
factors of safety. I think it is somewhat misleading to speak 
of factors of safety in connection with the stresses on ships, 
because they cannot here have the meaning usually attached to 
such figures. Their use presupposes the exact estimate of the 
ordinary stresses, and this is, I fear, impossible when we are 
dealing with sea-going ships. The calculations are here neces- 
sarily based on hypothetical conditions, and if our stress comes 
out high and the factor of safety consequently small it may only 
be because our assumptions have been too severe. It is really 
only possible to use the stress estimates, both longitudinal and 
transverse ones, as figures of comparison, and even as such they 
have to be used with considerable discretion where the conditions 
are not very similar. 
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It is interesting to look back on the history of longitudinal 
ship construction, which commenced as far back as 1834. Quite 
a number of vessels were built on this principle by Scott-Russell, 
at least four, namely, the " Annette," ** Baron Osy," " Der 
Preusse " and ** El Rey Jaymes I." being classed in Lloyd's 
Register. With regard to their construction, I would like to 
point out that Scott-Russell did attach the bulkheads to the 
shell plating, and thus incorporated the latter in the traniiverse 
strength. He states in his work on Naval Architecture : " The 
rigidity produced by the bulkheads must not be imparted to 
the skin, or it will there bo seriously crippled ; and yet with. 
all this the bulkhead and the skin must be thoroughly united, 
incorporated, and made watertight.'' AVhat he did insist upon 
was that the longitudinal girders should be continuous, and if 
they are to be relied upon for their full amount of longitudinal 
strength, I think he was wise in so doing. The bulkheads in 
the above mentioned vessels were attached by double angles 
to a transverse foundation plate on the top of the longitudinals 
and the intervening spaces below were filled in by intercostal 
plates attached also by double angles at top and bottom. 

The so-called partial bulkheads, being really only intercostal 
girders between the longitudinals, were also attached to the shell 
plating in sea-going ships. This attachment is, however, not 
necessarily required in small vessels, and it was not adopted in a 
couple of shallow draught vessels built on the longitudinal system 
by Messrs. Randolph, Elder & Co. In the ''Great Eastern'' 
(heie were also very few transverse intercostal girdera, but the two* 
skins, the longitudinal bulkheads and her form rendered them 
unnecessary in her case, and it is to Brunei's and Scott-Russell's 
great credit that they realized they could safely be dispensed with. 

I would recommend anyone interested in this question of 
longitudinal construction to read Mr. John's paper on "Cellular 
Const ruction/' read at the Institution of Naval Architects, 1880. 
It concluded the previous discussion on the subject which had 
then been going on since 181)0. 

It is to be hoped that the present discussion will be as 
interesting as the previous one, but that it will be of briefer 
duration owing to the undoubted suj>eriority of the new longitu- 
dinal system over its predecessors. 

Yours faithfully^ 

J. Bruhn. 
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May 18M, 1908. 
Dear Mr. Duckitt, 

In describing the method of framing re-introduced by Mr. 
Isherwood, Mr. Craggs gives no figures illustrating the relative 
value of the system as compared to the ordinary method from the 
point of view of strength. I may, therefore, be excused for refer- 
ring to a paper read by Mr. Isherwood at the spring meetings of 
the Institution of Naval Architects in April, in which a compari- 
son is made between this system and the ordinary system of 
constniction, of the longitudinal stresses obtained by the usual 
method of calculating these, i,e, assuming the loaded vessel on 
a wave of her own length, showing an advantage of 18^ per cent. 
in favour of Ishei-wood's system. So far these figures seem to be 
correct, but the method of calculating for water pressure does 
not appear to take any account of local strength. For instance, 
the Isherwood ship has longitudinals spaced 29 inches apart, 
and transverses 10 feet apai-t, giving a rectangle 120 inches by 
29 inches, equal to l{,480 square inches, while by Lloyd's rules a 
vessel of the same size and general arrangement would have 
longitudinal stringers spaced about 5 feet apart, and transverse 
frames spaced 25 inches apart, giving a rectangle of GO inches 
by 25 inches, equal to 1,500 square inches. Thus it would seem 
the Isherwood vessel havs more than double the unsupported area 
of shell plating, and so far from having any compensation for 
this the thickness of shell is -^q of an inch less. 

In Lloyd's rules there is a note to Table S. 1, for the spacing 
of frames, to the elfect that '* wider splicing than the above may 
be adopted, provided the framing and plating be increavsed to the 
satisfaction of the committee." It is difficult to reconcile this 
requirement with a reduction in the thickness of shell plating in 
the Isherwood ship ; on the contrary, to be consistent, the rule 
would involve an increase. 

AVith regard to the oil ship now building, it would be inter- 
esting to know how the tonnage compares with an ordinary 
framed vessel. The depth for tonnage, if taken to the inside of 
the bottom longitudinal frames, which are only about half the 
depth of Lloyd's ordinary floors, would mean a very considerable 
addition to the tonnage under deck, and in a vessel carrying oil 
in bulk a loss of this kind has no compensation to the owner. 

As to the system generally, the weak points appear to be the 
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want of liomogeniety in foaming material, ton large area^ of shell 
plating uiisiippotiedp ami also, for general cargo veiiseb. the ob- 
struction ill liobk am] '(wfn'U drekw of r<jTn|ianitivvly close spaetnl 
deep wt^jsi, Wiiiltj I aiji grcally iii favour ut' a rctlistributHm uf 
the Iratiiing material in .ships aud would welcome the ^doptiuu 
of any system which woiilil lie an inipruvenient on the presMii 
oae, I can only conclude thai if this system in the form in which 
it is put hefore us, proves satisfaet^ry , then the weight of the 
framing material now in general use, as re^iuired by the classitit-a- 
tion societies, is excet^sive. 

Yours faithfully, 

J. L. TWADDELI^ 

MR. E. HALL CRAGGS' REPLY. 

Mr, K Uall ('RAnGS, in reply to the discu8,sion, snid — I must 
acknowle^lge with tliunks the eontiibution^ that have been 
made to this dLscus^ion, several of which give evidence of very 
careful thought on the mutter of the paper and contain vulu- 
ablt* criticism. It will probably he convenient it I reply to 
the various speakei's in the order in which they have joined in 
the diHcnssitm. 

On looking over Mr. Saxton White's remarks, I tind that 
Mr, Inherwood has dealt rather fully with some of the points 
brought forwaixl, so it is unnccessai-y to go over the ground 
again. I would specially thnnJs; Mr. White for tlie kindly spirit 
in which he h^x^ given his contribution. He ha>i made a atrong 
point of strengthen fng in tbe miy of bulkheads in oil vessels, 
ami he has told us how his experience of the ordinary system 
(which has been considerable and to which we must give weight) 
has led to the increasing of the knees where stringers are attached 
to the bulkheads. I feel that Mr. White was justificnl in (lealing 
with the position which came before him by increasing the knees 
and other attachments, but I think he could have done better 
still by going further into the matter, and endcavf Hiring to 
dis(!over the reason of the weakness that led liim to increase the 
knees. A careful examination uf the system of framing of the 
ordinary transverse oil steamer with the scantlings as usually 
a^M^epted in the past by the Classification Hocietieti, has brought 
out the important fact that the web frames arc nut generaily 
of sufficient depth to do the work required of them, and 
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consequently when severe stresses arise, and especially dur- 
ing testing, these web frames have to fall back upon the 
stringers for support. These stringers, therefore, must be 
considered as girders under these conditions between the bulk- 
heads, and a very short calculation will show that the stresses 
on the riveting through the bulkhead plating attaching the 
knees of the stringers thereto must have been very serious, and 
the wonder is that more damage has not occurred. It would 
appear, therefore, that a better method of improving the attach- 
ments at bulkheads would have been to have gone to the root 
of the matter and substantially increased the webs, and so 
relieved the riveting at the bulkhead attachments of the exces- 
sive strain. I might incidentally remark here that my own. firm 
has by preference adopted this latter course of increasing the 
webs, and this was the result of investigating the strength on 
the lines indicated. In regard to the value of investigation in 
working out the strength of vessels, I feel very strongly that it 
is impossible to attach too much impoi-tance to this. In doing 
this, however, I do not wish to be misunderstood as to my 
estimate of the value of experience, as this is equally great. 
What I would, however, beg our members, and especially the 
younger members, to bear in mind is that while attaching full 
weight to experience, the question of calculation must in no 
way be separated from the guidance of experience. After all, it 
must be admitted that calculation is but the formula of experi- 
ence. On closer reference to the text of my paper, Mr. White 
will find that he has not correctly followed my allusion to the 
well known web frame system. I have not described the inter- 
mediate frames in the complete web frame vessel as ** weaklings." 
I described how the removal of a deck or a tier of beams with 
wide stringers in a lower hold would hypothetically leave the 
frames as " weaklings," until, by means of webs and several 
intercostal stringers depending on the webs, the necessary sup- 
port was restored. I did this to emphasise the importance of 
the riveted. attachments of these webs to the shell and at the 
margin plate, and sharing Mr. White's view I said that '* web 
frame ships in their day did good sei-vice and very little fault 
could be found with them, etc." I followed this line of argument 
out further in order to clear up if possible the anomaly that 
existed in vessels where the web frame and deep frame prin- 
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ciples were combined, and on closer consideration I feel sure 
that Mr. White's sentiment in favour of the ordinary frame 
should be more than satisfied when I went on to show my 
respect for such a useful member of ship construction by offering 
to accept it even in preference to a deep frame, when proper 
support by means of webs of necessary strength combined with 
intercostal stringers was already present, and I am happy to think 
this opportunity has been given me by Mr. AVhite to shew how 
closely we are in agreement on this point. 

Referring to the new system, Mr. AVhite with other speakers, 
has called attention to the possible obstruction caused by trans- 
verses in the holds. The removal, however, of the tank side 
knees, which now in large vessels extend a considerable distance 
above the level of the tank top, and also of one or more tiers 
of beam knees and of the side stringers more than com- 
pensates for this in vessels of the same dimensions. In 
the case of the tanker possibly C4irrying ordinary cargo, 
Mr. Isherwood has pointed out that the vertical obstruction 
of the webs is really very slight compared with the hori- 
zontal obstruction caused by the deep stringers called for in 
the transvei-se oil steamer and the several large knees recjuired at 
each of the four corners of the tanks, besides which the webs 
should be of practically the size shewn in tanks of ecjiial depth 
if the same transverse strength is provide*! for. 

In regard to the justification of eccmoniy in weight, we now 
have ample proof of this in the remarkable facility with which 
the tanks have passed the pressure test notwithstanding the 
unusual depth of the tanks and the proportionately greater 
pressure resulting therefrom. 

I must next thank the President for his few kind remarks 
and for his endeavours to keep the discussion on teehnieal lines, 
and I shall do my best in my reply to adhere to his ruling, and 
therefore I shall pass over all obseivatious directed to the merits 
of patents as I do not think they come within the scope of our 
Trnns(ictii)Hii. 

In reply to Mr. l)e Unset t, I (|uite Jigree thai in the new 
system of framing, facilities an* offered f(»r hydiaulic riveting 
that have not been lealisable before, and I feel that Mr. de 
Rusett is well able to speak as an authority on this subject. 
I am glad to have Mr. J)e Rusett's support in regard to the 
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advantages of the system in resisting severe buckling strains, 
and I also understand he has examined the strength of the 
double bottom, and cousiders that it is satisfactory, provided 
connections are fitted attaching the longitudinals to the trans- 
verses, which is the case. Mr. De Rusett, however, questions the 
transverse strength at the t-ank side, assuming in error connection 
is by the usual lugs and gusset plate. On referring again to my 
paper, however, it will be found that the transverse member 
is continuous at this part, and that the tank side is fitted inter- 
costally. I feel sure that Mr. De Rusett will recognise on further 
investigation the solidity of the structure so obtained. In reply 
to his query as to the attachment of the longitudinals to the 
transverses, etc., these have l)een provided throughout the tanker 
except in the deck erections, and in the shelter deck steamer 
they are being fitte<l throughout, although in the diagram given 
they are not shewn, as I particularly desired an expression of 
your opinions on this point. 

I cannot (juite follow Mr. De Rusett's remarks as to Plate 
XL., as in the *' Mauretania '' the reverse frame proper is not 
divided from the frame, and both run down to the tank side 
bar, and the gusset angles are carried out from the tank side 
to scarph upon the channel frame, but all will agree that this 
give?: a most efiicient arrangement. 

In reply to Professor AVelch I explained in the early part 
of my paper hov\ I had been constrained to curtail my remarks 
on the historical side of the framing of vessels in favour of the 
technical side as far as it came within my own experience. One 
of my reasons for so doing was that I hoped to bring the dis- 
cussion on to technical grounds, and therein I had the strong 
support of our President, and I much regret that I have not 
been able to induce Professor Welch to bring his valuable tech- 
nical knowledge and experience to bear upon this discussion. 
lie has implied that it is his desire to make good my omission, but 
with great diffidence I must venture to prove that the history 
he has supplied to the discussion cannot be taken without question. 

In the course of the discussion, ]Mr. Hinchliffe has empha- 
sised the difference between a longitudinally framed ship and a 
ship framed on a system in which longitudinals form an 
important part, and it is most necessary in considering the 
history of framing of vessels to keep the distinction ch'arly in 
view. 



348 



BISCUfiSION — FaAlUNG OF TBSSELS. 



I did not refer to the "Great Kastem ** as the one experi- 
raeiit made upon the longitudinal syfiteni eiiunciat-ed by Scott 
Russell in the Trtinmrfftmn of the Nayal Ardiitet*ts, volume '1, nn 
this enunciation was made some time after the " Great Eastern 
was built. The reference was, of course, to the '* Annette '* and 
this reference I simply tiike from Scott Russell hiin^If. It 
was not my intention in any way to suggest that longitudinals 
had not been use*] in several vessels built by Scott Rugsell, 
and in alludinir to the *' Great Eastern" 1 think the woTd& 
I used, ** modified loniLritutlinal system/' are correct, as it mnst 
Ik* borne in mind that the decks for the greater part were framed 
transversely. Professor Welch is not correct when be says that 
the two vessels built by Mn Jensen of Dant^ie, wexe similar to the 
** Annette/* These two vessels, while shewing strongly the in- 
fluence of Scott Russell 5 mark a very decided retrcigrade step in 
the use of longitudinal frames, and it must be noticed that the 
deck is framed entirely transversely, and that also the whole 
of tho vessel aft of the engine room is on the ortlinary transverse 
system, and that a large part of the bottom of the veSfSel is 
framed on what may strictly be termed a modified transverse system. 

There js humour in Professor Welch's suggestion that Mr, 
Isherwood and myself have found most of our best ideas stolen 
by the ancients, but 1 would assure him that neither of us have 
felt the slightest cause for complaint. I took the troutde in my 
paper to point out how in my opinion the framing of vessels 
had drifted for many years in the wrong direction, in fact ever 
since the influence of wooden shipbuilding was predominant at 
the com men cement of iron shipbuilding. The future a It me can 
shew whether our attempt to take shiphuildera, including mj 
friend Professor Welch » back hiv a fresh start from that point 
where we parted company with the ancients, and in my bumble 
opinion began to drift in the wrong direction, is to be justitietl 
or not. 

I pass from Professor Welch's description of the method of 
framing some of these vessels, as it doea not differ in any 
material respect from my own reference, but wouhl point out 
that the distance between the bulkheads of about 40 feet was 
merely incidentul and not a tixed distance, 8ccitt Russell, in 
stating his longitudinul system, says that the nnuiber of bulk- 
heads in a ship is to be determined by dividing the length by 
the beam. 
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Professor Welch says that I have advanced a theory for the 
failure to introduce longitudinal framing, viz., want of direct 
connection at bulkheads to shell. I must ask to be allowed to 
correct this statement very decisively as I have advance<l no such 
theory. On referring to my paper it will be found I said, as 
regards Scott Russell, that the underlying error of his attempt 
was surely contained in his method of endeavouring to secure 
his transverse strength. I then went on to give one instance 
which I thought shewed his failure to master the problem of 
transverse strength. I thought this instance was sufficient, but 
herein I fear I have assumed familiarity with Scott Russell's 
works and contributions to the Travsactions of Technical 
Societies to be greater than evidently is generally the case. To 
shew my grounds for believing that Scott RusselFs failure to 
secure the general adoption of his system chiefly lay in his 
methods of providing transverse strength, I think I cannot do 
better than refer to his own plans and statements wherein he 
consistently relies on the bulkheads for the main part of his 
transverse strength. As regards the attachments, in Scott 
Russell's works, volume i., page (ilcS, he says — ** It is a matter of 
question whether in. all ships it would not be desirable to keep 
most of the bulkheads from touching the skin of the ship, and 
in longitudinal ships it is (juite praetioable and convenient 
though somewhat costly to do so." 

I would next allude to the " Great Eastern " as being the 
most familiar example of Scott Russell's work. This ship was 
built practically without transverse floors, and generally speak- 
ing the structural plans shew that the transverse strength did 
not receive the consideration now found necessary, so much so 
that a considerable amount of transverse material had to be 
added, principally in the 'tween decks, after the ship had been 
in service some time. In particular it will be specially noticed 
that in the three 'tween decks above the level of the inner skin, 
with the exception of the partial bulkheads at considerable in- 
tervals, the plating which is J inch in thickness is devoid of all 
Hiffening, either transverse or lon<jitudincd. In his comments 
upon Mr. J. E. Scott's paper in lcS72 Scott Russell throws con- 
siderable light upon the peruliar views he held in regard to 
transverse strength. 

Next as to the fitting of bulkheads, I find that Professor 
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Welch differs with me, but I must be excused if I prefer to 
adhere to Scott Russell's own description of the method in which 
he says he has carried out his system. In his works, volume i., 
pai^e 368, he clearly states that leakage in the neighbouihood of 
bulkheads has been the result of fitting the bulkheads too firmly 
to the shell, and that he prefers to take the longitudinals as 
intermediaries by which to connect the bulkheads to the skin, 
obviously introducing, therefore, in place of the continuous riveted 
attachment right round the bulkhead margin, an intermittent 
attachment depending upon the spacing of the longitudinals. 

Professor AVelch is not quite correct either in regard to the 
bulkhead attachments in the ** Great Eastern." Scott Russell 
admits that in this case for insurance and water ballast purposes 
the bulkheads were carried to the outer skin with double angle 
attachments. He doubtless recognise<l that he could rely on 
the double skin as compensation for the weakness he feared. 

Dr. Hriihn, in his contribution, also refers to the attachment 
of the bulkheads, and I think the above extracts from Scott 
Russell's works are suificient reply to what he says on this same 
point. I am quite aware that Scott Russell says a watertight 
bulkhead must be ** thoroughly united, incorporated, and made 
watertight.'' What I am trying to bring home to our members 
is the point that what Scoti Russell meant by thoroughly uniting 
and incorporating was something quite different from the mean- 
ing now generally accepted in the light of present day experience 
and investigation, and in fart that Scott Russell's definition of 
the relation of the transverse strength in combination with the 
skin of the ship was of an * Athanasian " character, particularly 
as regards bulkheads. 

In reply to Professor AVelch's next criticism, I w(mld point 
out that my remarks in regard to weight were not made in 
reference to the '* Great Eastern " particularly, but in regard 
to the system adopted in the *' Annette," as it was in connection 
with the ** Annette " that Scott Russell made his enunciation on 
his system of longitudinal framing. In any ca.se, 1 would point 
out that I agree with Mr. Isherwood that consideration as re- 
gards the weight of the "Great Eastern" does not serve a 
useful purpose, as there was obviously no cont<'inporary vessel 
with which to compare the ** Great Eastern." Sir William 
White's remarks on the subject, although interesting historically, 
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are purely academic, and do not appear to fully take into account 
many important factors, such as the placing of the sets of machin- 
ery abreast in modern ships as compared with the fore and after 
position of the " Great Eastern " ; also the absence of floors in 
the bottom, and the absence of skin stiffening in the 'tween decks. 
In regard to Scott Russell's and Jensen's statements with 
reference to the weights of their ships relative to the strength, 
these were made before the proper method of calculating strength 
was imderstood, and having in view the enormous reduction 
of transverse strength which is not allowed for in any way in 
the calculations, it would appear that no useful inference can 
be drawn. I believe the modified longitudinal system Professor 
Welch reminded us of as used in battleships, especially in the 
double bottom, is the same as I referred to in the third paragraph 
of my paper. 

Mr. Hinehliffe, in his very suggestive and lucid remarks, 
gives us some very valuable criticisms on the subject. I am 
quite prepared to accept his first definition pf our new system 
of framing, and I may take it that his second definition 
is not quite consistent with the first; it is merely an 
outburst of humour. I would point out, howeVer, that the main 
objection to the well known web frame system is removed, seeing 
that the several tiers of intercostal stringers are dispensed with. 
Mr. Hinehliffe is right when he says that there is a tendency for 
the weakest part of the longitudinals to be co-existent with the 
greatest bending moment. The need for brackets, however, is 
overcome by keeping up the section of the longitudinal and 
closing up the riveting in the immediate vicinity of the trans- 
verse frames. I hardly agree with Mr. Hinehliffe that docking 
stresses are not, generally speaking, capable of investigation. 
Professor Jenkins, in several able lectures given in 1887 and 
1888 shews how these can be exhaustively considered. Ground- 
ing stresses depend so much upon the nature of the ground 
selected for stranding purposes that such can hardly come within 
the scope of this paper. When Mr. Hinehliffe mentions rack- 
ing stresses, I must confess I fail to understand what he means. 
In the fully rigged wooden sailing ships, where the strakes 
of planking were separated by caulking, I can understand such 
stresses in the neighbourhood of the chain plates, but in the case 
of a steamer, which is a floating girder free to take any position 
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in a frictionless fluid, there does not appear to be any question 
of rucking stresses. Monientaiy lateral variations in the locus 
of the centre of buoyancy along the length of the vessel of her 
various sections, caused by unusual surface unevenness, can 
easily l)e shown to bi* innna<erial and not productive of any serious 
trouble. 

Mr. Hinchliflfe will be pleased to hear that the tank testing 
of our oil ship which has been rigorously carried out afforded 
ample proof of the sufficiency of transverse strength in way of 
the oil tanks, and it should follow from this that cargo vessels, 
with the additional advantage of double bottoms, should be at 
least equally efficient in this respect. 

Mr. Hogg's methods of calculating strength are rather difficult 
to follow, and do not in any way appear to agree with recognised 
m<»th(Hls. I quite agree with Mr. Hogg when,, in describing the 
weakness of the transverse system, he points out that the plating 
requires thickening, and I have no doubt that his own experience 
has led him to this conclusion. 

Mr. James E. Scott has given us some excerpts from a paper 
he read before the Naval Architects in 1872 in reference to 
longitudinal framing. lie points out how in the sides of the 
ship he used longitudinal framing, and in the decks entirely 
transverse framing without efficient means of connecting the 
whole. 1 therefore do not think it necessary to go further into 
these proposals, as they were obviously foredoomed to failure. 

I must thank Mr. Isherwood for his interesting contribution 
to the discussion. 1 hope his suggestions in regard to section 41, 
paiagraph l-l, of Lloyd's Rules, will not be allowed to drop. In 
listening to Mr. Isherwood 's remarks on wood middle decks, I 
was strongly reminded of Scott Kussell's words when he indic- 
ated that the structural value of such a wooden platform was 
about the sanie as that of a carpet. 

I thank Mr. Hurgess foi* his shoi-t but very interesting con- 
tribution. 1 cannot quite agree with him, however, on one 
point, and that is that the difference bc^tween two classification 
societies in vessels of the same dimensions on the ordinaiy 
system often amounts to 10 ])er cent, in weight of material. 1 
think he puts this figure allogctlicr too high. 

Dealing next with J)r. Hiuhn's lemarks, I am very glad to 
have his support in regard to the influence of wood shipbuilding 
practice. 1 do not think, however, he dot»s himself justice in his 
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dissertation upon the application of mathematics for comparing 
the strength of vessels in which the structural arrangements 
essentially differ; neither do I think he makes his arguments 
any clearer by the manner in which he confuses stowage 
efficiency with strength efficiency by endeavouring to consider 
them at one and the same time. I have already explained how 
in cases where it is economically possible to supply the same clear 
length and breadth of unobstructed hold space in any two vessels 
under consideration, the exact structural arrangement of the 
obstructions merits no further consideration. The problem is 
therefore reduced to the strength comparison. Dr. Bruhn, 
however, does not give us much assistance in this direction, 
for, after laying down, very properly, that in transferring the 
experience gained in existing structures to new and untried 
arrangements of material, mathematical methods must be em- 
ployed, he proceeds, *^ This method fails where there are radical 
changes in the structural arrangements." Amidst such self- 
contradictory statements he asks us to look on the question 
from a broader point of view and to employ the more general 
methods which we may or may not be able to put into mathe- 
matical formulae. Personally, if the broader point of view 
recommended by Dr. Bruhn can only lead us to such a hopeless 
attitude of doubt and unceHainty I prefer to retain a method of 
reliable figures and rerognise<l . terms of measurement. 

In turning from the consideration of one arrangement of 
material to another, I do not think it necessary to take fright 
and run away into vaguity as suggested. A few moments of 
unbiassed consideration should be sufficient to observe whether 
the new arrangement of material lends itself in a simpler 
manner or a more complex manner to mathematical investiga- 
tion. In the transverse system it is sometimes difficult to really 
know what part is doing the work, and in cases of failure it 
lias often been known to ascribe to transverse wea^kness the 
injury that has been distinctly caused by longitudinal weakness. 
Moreover, the effective length of every girder in the new 
system can be found by inspection, and whether its work lies 
in the transverse or the longitudinal direction is as clear on the 
drawings as though every part had been labelled, and I would 
venture to say that as a natural consequence of what I have 
said, it follows that a more useful and complete investigation can 
be made as regards riveting. 
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I have already pointed out tliat inTestigation into the strength 
of the '* Isherwood " syBtem haB thrown light upon the inveBtiga- 
tion of nil ships' rivpting general ly» and I Tentnre to predict 
that the introduction of the ** l9h^iiA*ood *' system will be an 
incentive rather than a hindrance to classifying bmiies to 
leg! si lite upon Bound and wetl known mathematical principlcf*. 

After what I have said we cannot wonder w^hen Ur, Bruhn 
findfi himself eonfrnnte<) with hi,^ own inference in the 
form of a paradox that '* it is not necessary to adopt the longi- 
tudinal system for the sake of ohtaining longitudinal strength.*' 
It is inijxjssible to prove such a general f^tatement as this, and 
in fact the assertion is often incorrect* and in cases that have 
recently come before my not^ic^, the necessar^^ Icmgitudinal 
strength is not hy any means to he obtained except by the 
assistance of longitudinal stiffening. 

Coming also to the development of vessels of very extreme 
length, it is obviou^j; that a length of vessel could be safely 
built on a longitudinal system greater than on the transverse 
Bystem. Influenced, I presume, by the same inclination to 
vaguity, Dr. Bruhn obje('ts to ray using the term *' factor of 
safety/' It has become the fashion among men nccupying such 
positions as Dr. Bruhn, when other people than themselves essay 
to make calculations in regard to the strength of ships, to point 
out that all such ralcu hit ions are purely comparative and that 
no exact formula? mn be reached. Notwithstanding this, they 
trust themselves M-ithnut hesitation to use these methods in 
order to make the .strength calculations for such an enormous 
departure as the '* Maurctania/' In other words, they would tell 
us that the factor of safety f^f the ** Mauretania " is altogether 
unknown, and the actual stresses in doubt. I have pur- 
posely \ised in a nu>diiied and restricted sense the term '* fact'Or 
of safety/' beeauee I have strong objections to this kind of 
vaguity and indefiuifcness. I assert most positively that there 
IS an appraximait^ idea among those accuf^tomed to calculate the 
strength of vessels as tt> the factor of safety they are aiming 
at under various ns^iiiued ami rcaj^onable rrmditi(»ns, and where 
collapse haB occurred investig-ation fias shewn that such factors 
of safety have not existed, and that if the usual investig^ition 
had b(^en made bcfom the ship was built the call apse would not 
have occurred* As a most important instoinec, I woultl refer to 
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the calculations made in the case of the loss of the paddle 
steamer " Marie " in the Bay of Biscay by Mr. John of Lloyd's 
Register and given in the Transactimis of the Naval Architects. 
Referring to Mr. Twaddell's written contribution, I am 
happy to find that he gives the weight of his valued opinion 
in favour of Mr. Isherwood's calculations of the comparative 
longitudinal stresses. He raises some question, however, as to 
the size of frame panel and its ability to withstand water 
pressure. Mr. Hinchliffe in his remarks has shewn that an 
increased size of panel is admissible with the greater length 
in the horizontal direction, and it is not necessary for me to 
add much to what has been said. I am inclined to think that 
rather too much attention has been paid by Mr. Twaddell to 
what he terms ** area of unsupported plating,'' but what might 
perhaps be more correctly termed dimensions of supporting 
panel. Besides this, it must be remembered the longitudinal 
stiingers he refers to are not fitted to give local strength to 
resist water pressure, but are fitted for other reasons. He will 
obser\'e by reference to Table SG of Lloyd's Rules that intercostal 
stringers are fitted in vessels of extreme proportions, clearly shew- 
ing that they are required to provide for increased longitudinal 
strength. Side stringers are fitted in order to prevent the frames 
from tripping when under stress. It is well known that much 
thinner plating than is usually fitted in steamers is able to success- 
inlly withstand water pressure. I might refer to a notable ex- 
ample in the case of the ** Great Eastern," where in the vicinity of 
the bottom of a vessel of about 30 feet mean draft the supporting 
frame panel measures 60 feet in length and 6 feet in width on 
the skin plating which is substantially thinner than would be 
required in these days for a vessel of the same dimensions if 
built on the transverse system, and the seams were only 
single riveted and the butts double riveted. Mr. Twaddell is 
not correct in stating that the plating of our new oil steamer 
is -in inch less in thickness than required by Lloyd's Rules. 
At the same time, I am glad to have this opportunity of explain- 
ing* to Mr. Twaddell that I have stated myself as being in full 
agreement with Lloyd's Rules that if the frames in the tnins- 
verse system are placed at wider intervals an addition to the 
thickness of plating is a necessity to prevent buckling between 
the frames under longitudinal stress. For water pressure alone 
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the increased thickness is, of course, not necessary, and of this 
fact Mr. Twaddell has ample proof in his experience gained 
during the tank testing of a number of oil ships built at his 
shipyard. 

I cannot agree with Mr. Twaddell that the weight of fram- 
ing material now in general use, that is required by the classifi- 
cation societies, is excessive.- In many cases the side frames 
are unduly stressed, especially at the fore end, where there is a 
greater length of frame girder than amidships, and the section 
of material is reduced, and this weakness, as Mr. Twaddell is no 
doubt aware, has been partly met by the introduction of panting 
beams and stringer plates, forming serious obstructions, and 
which are not necessary in the new system. 

The President said — I am sure you will all accord Mr. Craggs 
a most hearty and cordial vote of thanks for having brought this 
subject before us. It is most interesting, and forms a most 
valuable contribution to our Transactions, 

ITie proposal was carried by acclamation. 
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RE-ELECTION OF AUDITORS. 

Colonel R. Saxton Whitk proposed tliat Messrs. II. W. and 
J. A. Sisson be re-appointed auditors for the ensuing year. 

Professor R. L. Weighton seconded the motion, which was 
unanimously earned. 



ALTERATION OF BYE-LAW ;{5. 

The President, on behalf of the Council, moved an ad^liiioii 
in Bye-law No. JJ5, as follows : — 

(The addition in printed in italics.) 
35. — Copies of papers to be read during any Session will he sent seven 
days liefore the date of reading to members who shall have applied to the 
Secretary for them, in writing, at the commencement of the Session. The 
ditcuuion on a paper shall not be considered closed on the evening on which 
it is read, but shall be open for renewal at a subsequent .meeting, prior to 
orafier the reading of the paper set down for that date. 

The proposal was agreed to. 



ELWrnON OF OFFICERS. 

The Phksidknt announced that the f<)lh)winj»: jrentlcuien had 
been elected to fill the vacancies on the ( -ouncil list, and \h\x\ they 
would take office on August 1st, 19()8 : — 

President — Mr. Summers Hunter. 

V ic€'FremlrnU- Major Gejrge J. Carter, Messrs. AUhmI 

Harrison, and 11. Home* Muir. 
Htm. Treasunr- Mr. 0. E. Macartliy '(re-ehM-tiHl). 
Ordinary Members of' ('nuiuil— Messrs. Cecil T. Adams, John 

T. Batey, Albei-t E. Doxfonl, Andrew Laing, and Harold 

Thomson. 
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The Council has elected Col. R. Saxton White to take the 
place of Mr. Summers Hunter as Vice-President, and Prof. J. J. 
Welch to take the place of Col. Saxton White as Member of 
Council. 



A^OTE OF THANKS TO RETIRING COUNCILLORS. 
ITie President said — I would now like to propose a vote of 
thanks to those gentlemen who retire from the Council. I assure 
you that they have worked most laboriously, and done their ut- 
most to forward the interests of the Institution. They have attended 
regularly, and the Council has benefited very much by their 
assistance at the vanous meetings. Therefore I have very great 
pleasure in proposing that a very hearty vote of thanks be 
accorded to the retiring Members of Council. 

The proposition was carried by acclamation. 



PRESIDENT'S CLOSING REMARKS. 

The President said — I am glad to say that this session has 
been a verj' successful one, and I congratulate you upon it. We 
have had an increase of something like 80 members, so that our 
total now is about 1,125. I think you will all admit we have not 
only had exceedingly good papers, but we have had good attend- 
ances and discussions. Last session I had to complain several times 
about the small attendances, but this session our average has been 
somewhere about 80. It has ranged from 65 to over 90, and 
therefore I very sincerely hope, on behalf of my successor, that 
the attendance will be still fui*ther increased next session, because, 
af<or all, the success of this or any other Institution depends 
upon the individual members, and the interest the individual 
members take in it, and not solely upon your Council or your 
Pn»sident, although they do all they can ; but it is no encourage- 
ment <() our members or fi lends to come and contribute papers 
if the other members" will not take the trouble — if you do not mind 
my saying so — to come and listen to them and take part in the 
discussions. This session we have been very fortunate. There- 
fore T hope, on behalf of my successor, and the Instihition gener- 
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ally, that the attendances will be as large, or larger, next session. 
I would also ask you to induce some of the younger members, and 
our graduates, to attend. It is quite true they have their own 
sectional meetings, but there is no earthly reason why they should 
not come here and take- part in our discussion. I am sure we 
always welcome them, and it often happens that papers are read 
here which are useful to them, and which have not arrived at 
the text-book stage. As regards next session, we have very little 
in prospect at the moment, except that I have every hope that 
Professor Weigh ton will give a further contribution upon his 
research work, and I have every reason to believe that my friend, 
Professor Welch, who promised me a paper, will give it to my 
successor. So that during the interim I hope you will think the 
matter over and get some papers ready for the next session. There 
is only one other point. The members of this and other engineer- 
ing institutions having identified themselves with the naval 
engineer question, and as great general interest is still taken in 
the matter, I have during my term of office kept you informed 
of any progress made, and must again report that the solution of 
this national question still remains blocked by the intense 
prejudice on the part of a section of the executive branch towards 
engineers. The action of the Admiralty with regard to naval re- 
organisation entirely ignores the urgent necessity of improvement 
in the present engineer branch. They are, however, apparently 
attempting to assimilate the duties of the present specialist 
officers of the military branch with those of the new scheme of 
training who will eventually succeed them, and they seem to be 
doing this at the expense of naval efficiency. The recent with- 
drawal of the care and management of gunnery and torpedo 
machinery from the existing engineer officers and transferring 
such care, etc., to the gunnery and torpedo lieutenants who have 
no special mechanical training, has so far only produced in- 
efficiency, and has increased the mechanical complements of 
various ships, until it still leaves the engineer officers with the 
ultimate duty of keeping this machinery in efficient repair and 
of making good the enors of non-mechanical officers. 

As yet the Admiralty do not appear to recognize the evident 
danger of entrusting the officers of the existing engineer branch 
with great responsibilities and refusing these officers the authority 
and position which will alone enable them to carry out their 
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various duties with maximum efficiency. The matter has, how- 
ever, been warmly discussed in the Parliamentary debates in 
the Navy Estimates which have recently taken place in the House 
of Commons. 

The only effect so far appears to be that some small concessions 
in pay have been made, which, however, still leave the Admiralty 
promises of 1902 to be redeemed, and a new scheme of retirement, 
framed on lines somewhat similar to those governing the retire- 
ment of officers of the military branch, has been published. 
Nothing has, however, yet been stated of the intentions of the 
Admiralty to reform the status of the existing engineer officers ; 
and to bring them into line with the military position which the 
young engineer officers now being trained under the new scheme 
will occupy. This, the most ilnportant point in the whole matter, 
and the very crux of the subject, becomes more pressing as the 
advent of the officers of the new scheme comes nearer and nearer. 
The necessity for incorporating the existing engineer branch with 
the military organization of the Navy has been long realised by 
the engineering profession and by public opinion, and nothing but 
the prejudice and opposition of a section of the military branch of 
the navy officers stop the way. 

In replying to the discussions on this important matter which 
took place on the Navy Estimates' debate recently in the House 
of Commons, Mr. Roberison, the then Parliamentai-y Secretary to 
the Admiralty, in announcing the concessions in pay and retire- 
ment to which reference has been previously made, said ho did not 
mention these concessions in order to stave off the much larger 
(fuestion of status. He did not hesitate to express his sympathy 
with the (question, and he admittiul that the new condition of 
things necessitated a reconsideration of the relations between the 
officers of the existing engineer and military branches of the Navy, 
and stated that he would report to the Admiralty the strong 
arguments advanced. Here, then, is an admission of the Parlia- 
mentary mouthpiece of the Admiralty of the necessity for the 
reforms so long advocated, and the engineering institutions of 
the country will have to continue their exertions until this national 
question is satisfactorily solved. 

The session then closed and the meeting dissolved. 
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REPORT OF THE WORK OF THE CONSULTATIVE COM- 
MITTEE APPOINTED TO CONFER WITH THE 
MARINE DEPARTMENT OF THE BOARD OF 
TRADE, FOR THE YEAR ENDED 5th MARCH, 1908. 

In the last Report which ends with the 5th of March, 1907, 
the Committee explained the steps which they had taken in con- 
nection with the proposal of Mr. Lloyd-Geor^, to form a Grand 
Committee or several Divisional Committees, to advise the Board 
of Trade on matters relating' to Shipbuilding, Marine En^fineer- 
in^^ and Shipping. 

Since then a General Advisory Committee has been formed 
by the Board of Trade, and on the nomination of the Institution 
of Naval Architects, at the request of the Board of Trade, two 
Naval Architects or Shipbuilders, viz. : — Dr. Elgar and Dr. 
Inglis were appointed thereon. To the choice of those two gentle- 
men no objection can of course be taken, but this Committee 
did take exception to the method of selection, and further, were 
of opinion that Marine Engineers as well as Naval Architects or 
Shipbuilders should be represented on the Advisory (committee 
to the Board of Trade, and that it is desirable that such members 
of the Advisory Committee should also be members of this Com- 
mittee, in order that they may be in touch with the Marine 
Engineering and Shipbuilding Industries and those co*utrolling 
them. 

The Committee accordingly, after very caiefully considering 
the matter, embodieil their views briefly in the following 
reflolntion, viz. : — 

"The Committee consider it desirable that the three 
Scientific Institutions in the Counti-y, viz. : — The Institu- 
tion of Naval Architects, London; The Institution of 
Engineers aii<l Shipbuilders in Scotland (incorporated), 
Glasgow; and the North East Coast Institution of En- 
gineers and Shipbuilders, Newcastle-on-Tyne ; should be 
represented on the Advisory Committee of the Board of 
Trade constituted under section 79 of the Merchant 
Shipping Act of 1906. 
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by the Committee, and that in the best ititereMts of the Industries, H 
the Scientific Iiistitutiotis (which elect the lueiiibers of the 
LWnMuItative Committee) should euch be slicked to tiouiiutite a 
Eepresentative on the Advisory* Committee, so that mutual 
aAsistance migrht be gi^en, and uniformity of decisiou on all 
technical matters secured , and pointing out that in the vnhv 
of the Naval Arc^hitects Instituttou, it wn§ compo.^ed of members 
from all ports of the world, many of whom are from foreii^n 
countries, while in the eases of the In^titutiou fjf Enjriiieer^ 
and Shipbuilders in Scotland (Olasgow), and the North East 
C'oast Institution of Encrineers and Shipbuildei-s, Xewc4istle-on- 
'1 yn(\ th<y arc lai-^ely composed of nicnibcrs iesi<lent and w(nk- 
iii^ in these two distiicts, and hence ini^ht he assnnied to ])e 
the sources ticnn which repieseiitat ives dii(*ctly in touch with 
lh<^ vaiioiis practices of the two districts wonhl best he drawn. 

The Institution of Naval Arcdiitects, however, have su^^ested 
that in their opinion, the matter wonhl he hest (h'alt with hy 
a -Joint Committee of the three Scientific Institutions, and in 
this oj)inion the Committee most heartily accjuiesce. A doint 
Committee (d the thice Scientific Institutions is acctndin^ly at 
j)i<\sent hein^ fornu'd, and the subject will then receive con- 
sideration and the matter will prohahly he dealt with withont 
.lelay. 

The Committee aie pleased to state that co[)ies (d all Instruc- 
tions whi( h have been issued hy the Jh>ai(l of Trade to Siirveyoi> 
during liJOti, 19t)7 and lliOiS, have been sent to the Secretary cd' 
this Committee, with the intimation that copies of instructions 
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A question raised by a Firm on the Tforth East Coast, as to 
the prepaiation, alterations on and passing^ of Grain Cargoes 
Plans by the Board of Trade, was considered by the Sub-Com- 
mittee on Tonnag-e, when it was directed that Shipbuilders 
should be warned that ^ain feeders should measure two per 
cent, of cargo space clear of all obstructions in them such as 
fore and afters, shifting Boards, etc., in hatches, as trouble has 
arisen owing to the Board of Trade deducting these obstructions 
and feeder space falling below the two per cent. Meantime, 
the Firm in question propose to deal themselves with the 
question as to the passing of Grain Cargoes Plans by the Board 
of Trade. 

A letter stating that one of the members of the North West 
Engineering Trades Employers Association had been asked by 
the Board of Trade to submit for approval a plan, showing the 
arrangement and detail of main steam piping proposed for a 
I>assenger steamer, was considered, and while the Committee 
generally deprecate sending plans to the Board of Trade, they 
must leave it to each member to do as he thinks fit, but they 
are of opinion that if plans are sent, it should be on condition 
that the Board of Trade give a decisive reply either approvin^^ 
or the reverse of such plans, in writing. 

The subject of the Training of Seagoing Engineers has a-gain 
been under consideration. 

In connection with this matter, the difficulty of arranging 
a satisfactory scheme of apprenticeship has also been under con- 
sideration, and as the matter has assumed serious proportions 
it has been resolved that it should be dealt with by a Joint Com- 
mittee appointed from the North East and North AVest Coasts. 

With regard to Lloyd's and Board of Trade requirements 
the matters dependent thereon under the consideration of this 
Committee are bein^ arranged in accordance with the general 
reports of the Standardisation Committee. 

The question of the sizes of test pieces required by the Board 
of Trade (which should be brought into line with the Engineer- 
ing Standards) has been considered, and the Committee are 
pleased to state that active steps are being taken by the Boanl 
of Trade and Lloyd's Surveyors with a view to establishing a 
standard size of test piece. 
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The question raised by a Scottish Firm of Shipbuilders as 
to the inclusion in tonnage of Hopper Barges and like vessels, 
of Buoyancy for compartments in side "wings, and exemption 
of peak ballast tanks, has received further consideration by the 
(/ommittee as well as by the Sub-Committee on tonnage, and 
the Committee have be^n in correspondence with the Board of 
Trade and with the firm referred to, and have arrived at the 
cou(!liision that unless the spaces referred to are treated and 
fitted up as water ballast tanks, the matter could not be taken 
up by the Committee with the Boai-d of Trade with advantage 
to the firm, and this having been duly communicated to them 
no further movement has been made. 

Questions as to Ventilators, Deck Lights, etc., have also 
received consideration by this Committee, but at the request 
of the firm by whom the matters were brought under their 
notice, further consideration of these matters was in the mean- 
time deferred. 

Questions relating to the Measurement of Tonnage in the 
'tween decks of vessels have received much attention from this 
Committee and from their Sub-Committee on tonnage, but such 
information as the Committee could get in the cases submitted 
to them has not been sufficient to enable them to make out a 
good case with which to approach the lioard of Trade. 

The (^ommittee were of opinion, and communicated it to the 
Board of Trade, that the rating of Steam Tugs engaged in tow- 
ing and attending on vessels and not having a Board of Trade 
Certificate for the carrying of passengers should not be of less 
registered tonnage than 18 pov cent, of the gross, or on the lines 
of the new Tonnage Bill the deduction for Engine Space should 
not Ix^ more than 78 per cent, of the tonnage arrived at by 
deducting from the gross tonnage, the tonnage of the space 
occupied by officers and crew, etc., and they duly communicated 
this opinion to the President of the Board of Trade, and it will 
be ()l)S{»rvcd that Sub-Section A of Section I. provides that this 
Section shall not apply to Steamships constructed for the pur- 
pose of towing v(^ssols, so long as they are exclusively employed 
as tugs, but when employed for the carriage of passengers or 
goods, etc., etc., the Register Tonnage on which dues are based 
shall be ascertained in manner provided by the Merchant 
Shipping Acts 1894 to 190(i as amended by said Tonnage Act. 
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A question having arisen as to submitting other boiler draw- 
ings for examination, etc., to the Board of Trade, the same as 
is done when a pa.ssenger certificate for a ship is to he t-aken out, 
it has been elicited that if such a certificate is wished there will 
apparently be no difficulty in obtaining it, if it l>e arranged 
with the local Sui-veyor, and the lioard of Trade fees are paid. 

It may be stated in conclusion that the Finances of the Com- 
mittee continue to be satisfactory. 

Tlie Institution is represented on this Committee by the 
following gentlemen: — 

Shipbuilders — Mr. W. H. Dugdale and Mr. George Jones. 
K?i(/hu'€/s — Mr. J. TI. Irwin and Mr. 1). B. Morison. 
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MR. THOMAS WILLIAM BAGNALL. 

Mr. TiioMAS William Bagnall was born at Wiiilaton on May 
27tli, 1861. He was educated at The College, Harrogate. In 
his youth he became connected with the firm of R. S. Bagnall 
and Sons, Ltd., forgemasters, engineers, etc., of the Winlaton 
Ironworks, Blaydon-on-Tyne, and South Hylton Forge and 
Engineering Works, near Sunderland, and eventually became 
managing director of the Company, a position he held at 
the time of his death, which took place at Ayr, N.B., on July 
14th, 1907. He took a keen interest in local affairs and also in 
the Volunteer movement, in which he held the post of Major in 
the 5th V.B.D.L.I. (now 9th D.L.I.)., but retired shortly after 
receiving that rank. He joined the North-East Coast Institu- 
tion of Engineei's and Shipbuilders in 1898. 



MR. JOHN DICKINSON, J.P. 

Mr. John Dickixsox was born at Hebburn-on-Tyne on July 

4ti2, 1825, and died on July 3rd, 1908, within one day of his 

^3rd birthday. He went to work at the early age of twelve 

y^arSj and in 1841 he went to Sunderland, where he was placed 

^^ tile works of Messrs. John Clark & Co. as an apprentice, and 

^hile there was employed on the construction and erection of 

^^Ui^Ty engines. The works changed hands shortly after he 

GJM. t^y tut he remained until 184G, when they were finally closed. 

^A^x* this he went to Consett to work at the mills which were 

^®^^ ixi the course of construction, but this class of work not 

P^^ling to him, he soon had an opportunity of giving it up, 

^ "'''^^^nt to Houghton-le-Spring, where he was again employed 

•^^^^^Xliery work. After being there for a short while, he 

^-■^^■^^d to Sunderland, and was employed by Mr. Burlinson, 

^^^='^:^. George Clark, on repair work of various kinds. After 

^*-^i^«=^ with these gentlemen, he started a small repairing 

^^^^^X-i^ XXIV.-IMS. 27 
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establishment of his own in 1852. This repair work was con- 
fined principally to the tugs and small colliers and traders then 
coming to the port, and was the foundation of the present 
marine engine and boiler works. The work so increased in 
volume that extensions had to be made, and a move was made 
to a more commodious site on the top of Palijaer's Hill. Gradu- 
ally the whole of the hill was acquired, extending down to the 
river, and was cut into terraces on which the present shops were 
erected. The works now occupy an area of about 5 acres, with 
a quay frontage of 600 feet, and when in full swing about 1,200 
men are employed. In 1895 the business was converted into a 
limited liability company with the deceased gentleman as chair- 
man of the directorate, and his sons occupying positions on the 
board. Mr. Dickinson was the inventor of " Dickinson's Patent 
Crankshaft/' which is well known to engineers in connection 
with marine work. He was a member of the River Wear Com- 
missioners, having been appointed in 1891 as a representative of 
the landowners, and he was a justice of the peace for the county 
of Durham. The deceased gentleman was a connoisseur in art, 
and he made picture collecting one of his chief interests outside 
his business concerns. His collections include some interesting 
and costly works by old as well as modern masters. He was of 
a kindly and beneficent nature, and the charities of the town by 
his death liave lost a good friend. He was a life governor of the 
Sunderland Infirmary, and his association with the Monkwear- 
mouth Hospital was equally beneficent. He was one of the first 
members of the Institute and took considerable interest in its 
work, having for many years occupied the position of vice- 
president. 



MR. J. WIGHAM RICHARDSON, J.P.* 

Mr. AViGHAM Richardson was born in January, 1837, being 
descended from an old Yorkshire Quaker family hailiug from 
AVhitby, and dating back to the fourteenth century. His first 
school was the famous academy of the late Dr. Colliugwood 
Hnice, at Newcastle, and he aft-erwards went to the well-known 
Friends' School at York. He himself, however, always avscribed 

* See The Shipbuilder ^ vol. iii., page 31. 
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his love of study to the instruction of his elder sister, she to whose 
memory he dedicated the west window in Christ Church at Wall- 
car, or, as it is now more usually written, Walker. At sixteen 
years of a^ he went for a short time to Liverpool to study 
naval architecture under a ship surveyor named Senhouse 
Martindale. Returning to Newcastle, his father, acting upon 
the advice of the late Robert Hawthorn, apprenticed him for 
three years to the late Jonathan Robson, a builder of paddle 
and screw-tug steamers, at Gateshead. On the completion of 
his apprenticeship he continued his education at University 
College, London, and subsequently at Tuebingen University in 
Wuertemberg. He returned to Newcastle in 1858 and entered 
the service of the eminent engineei^, R. and W. Hawthorn. 

It was in the year 1860 that Mr. Wigham Richardson, tlien in 
his twenty-third year, purchased a shipyard on the Tyne, and 
founded the firm of Wigham Richardson & Co., the name of which 
for upwards of forty years was to be a household word in the North 
of England. It is interesting (says The Mid-Tyne Link, now 
issued as The Shipbuilder) to recall that the shipbuilding 
branch of the Neptune Works is the oldest iron shipyard on 
the Tyne. It was started by Mr. Coutts, the pioneer of the 
industry on the river. The first iron vessel ever built on Tyne- 
side, the " Prince Albert," was launched from the original part 
of this yard on the 23rd September, 1842. The premises after- 
wards passed into the hands of- a London firm, Messrs. Miller, 
Ravenhill, & Co., prior to be taken over by Mr. Wigham Richard- 
son. The works covered only four acres with a river frontage of 
107 yards, and they had three building berths, the longest being 
320 feet. The Neptune Works gradually increased in size and 
importance ; the small passenger vessels, tugs and barges built at 
first were followed by merchant ships of almost every type con- 
structed for practically every maritime nation in the world and 
engine and boilerworks were added in 1879. In 1899 the busi- 
ness was turned into a limited liability company, and in 1903 
was amalgamated with the shipbuilding firm of C. S. Swan & 
Hunter, Ltd., and the Tyne Pontoons and Dry Docks Company, 
Ltd., the premises of the combined firms having an area of 78 
acres and a building capacity of some 150,000 gross tons per 
annum. 

Mr. Wigham Richardson's name has always been associated 
with the North-East Coast Institution of Engineers and Ship- 
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Iratldmi ftnrr rU fcinnttmi m MM. In 1A90 br w«s eWt««l 
fog rib Prr^idrnl <rf Ibr Iftftte^n« bib [kn4«c«flMir beiuir ^^^ 
Imie Mr, F. C. Mafskall. His iusfvial »ddjwi ttrok tbf f«ni> 
frf ft rrrjnr <rf rfr«iii > lijiiiffiiiif ^ Menlifie^ and nuctBl pfo- — 
giiM. Vast u wu tfe idd coiggj in tkf addiviiiv tbi 
iiiitT«n»Iti|' And deplk of Uie neolest'f koovkdfife nnist fca 
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tiifi<»; And i« o!i# naadfi mpiiii tti^ prmted report of titr add 
10 thr TransiiHionM nf tbtf InfttitntiOD, one is stntck with t)i 
g^meeful and «cIiolartj Li&gi&mft^ wHb wbirb be clothed h 
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eii^iieerinif, tbe lorrtts nf enmptmiid eo^mes on laiid and 
Cicoiioioy of l^el, tbe plantiDg of tre«# in towns, tbe iiuport&Di^ 
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BnattteM often inrik Mr^ Itiebanleon nbroad^ and be 
familiar with eirery €«>untr^' of import a nee in Europe, be^ii 
part4 of Canaita and of the United States of Kortb Americas 
If*- in.ul*' t}i»' M\(\^\ (tf tli<-t' j(»iiiiiey>, ciiiieliinsr 1h> store ^cr 
kfi'iu ]»Mltrf- |,y -ludyiii^^ !<>< ,,1 hiihit- ami coiKlitioiis ot liviii^^ 
\ j-iijuL'' h»'iL''lil)<'UriiiL' phur- (»t lii-i(nic iiitrit*--! and tillintr iiiai -« 
ii h'.'ik uirh rliai nniiL'' watri -coloiii --krtr lit"-. Otlirr interesting^ 
i<)Uiii»-y^ \v<Tc iikhI*' tn ('a|H' ('oldiiy, the West Indies and Nor^Ci 
A ti ira. 

Hi- «*n<T^^ir- ami ta-te< wcr** not limited l)y the scope ot 1*- 
[n nh--^i(»ii a» >liipl)uiidcr and enirineer. He was tor year> 
dkidIht ot tli»' (niinty (nunril (d Xoi ihunilKM land, devotiL - 
miifli tiijK' to tjjr work ot the J'alur-ation Connnittee, and 
dii-iirc ot the JN-arr tor the county ot X(>rthuinl)<'rlan(l >iii -^ 
1^!IJ. ile wav ucll known a> a student ot political econoni - 
^•.( i(do;j-\ and lii-toiy. He wa^ aUo a |)rartical architect a^ 
:i p, it roil (d ;irt. Many institution> and places in his nati 
(|i«^iiif ( and dscw lici c bcnetitcd hy liis <^itts and advic<> alwifc. 
;/»ii.i(»n-lv ^ivcii, toi' he was ever a warm supporter ot scdien^^ 
iiii I 111* iiripr<^Vi iiit'TiT of lii^ tidlow-lMinprs. His wide experic^^ 
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his rest after a life well spent. His lamented death took place 
unexpectedly in London on the 15th of April, 1908, and lonj?" 
will his memory be cherished, not only by a larg'e circle of 
friends in this countiy, but by many others on the Continent 
and in more distant lands. 



MR. GEORGE ROBSON. 

Mr. Georgk Robsox was born at Marske-by-the-Sea on 
December 1st, 1844. He was educated in London and Hanover. 
He came to the Tyne to serve his apprenticeship in engineering, 
after which he spent some time in the Egyptian Navy, and later 
he joined the Merchant Service as a sea-going engineer. About 
thirty years ago he started business with Mr. James Duncan 
in South Shields as ship repairers and engineers. Mr. Duncan 
retired and went to London, Mr. Robson took over the business 
and carried it on up to the time of his decease, which occurred 
on May 14th, 1908, after a lingering illness. He wa.s a man 
of sterling character, and being of a kindly and generous dis- 
I)osition he was greatly esteemed by all who had the privilege 
of his friendship. He was identified with many of the lo<^'al 
institutions and took a keen interest in the Volunteer Life 
Brigade. He was a member of the Institution of Naval 
Architects, the Newcastle and Gateshead Chamber of Com- 
merce, and an honorary member of the Newcastle and District 
Association of Foremen Engineers and Draughtsmen. He 
joined the North-East Coast Institution of Engineers and 
Shipbuilders in 1889. 



MR. J. C. STIRZAKER. 

Mr. James Cleland Stirzaker was born on January 14th, 
1849. He was educated at the Kingswood School, Bath, and as 
a student he was most successful. On leaving school he went 
to Liverpool to sei-ve his apprenticeship with Messrs. George 
[Forrester & Company, of Yauxhall Foundry. He left Liver- 
pool to take the management of an engineering works in 
Belfast. In 1880 he removed from Belfast to the Els wick 
Ordnance Works, Xewcastle-upon-Tyne, where he remained 
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for the rest of his life. Mr. Stirzaker was one of the very 
earliest members of the Institution, and as Member of Council 
did much valuable work in connection with the founding of 
the Institution and arranging its Constitution and Bye-laws. 
In his profession he was a thoroughly sound and well- 
trained engineer, being looked upon as an authority in con- 
nection with his work of designing heavy gun mountings. 
In private life he was of a quiet and retiring nature, and much 
liked by his intimate friends. He was a keen churchman, and 
as one of the Newcastle Cathedral sidesmen was a well-known 
figure and did much work in a silent and unobtrusive way. His 
death occurred on November 24th, 1907, suddenly, when in 
London on business for Messrs. Sir W. G. Armstrong, Whitworth 
& Company, Limited, he being then in his 59th year. 



COLONEL HENRY F. SWAN, C.B.* 

By the death of Colonel Henry Frederick Swan, C.B., 
V.D., High Sheriff of Northumberland, which took place sud- 
denly at his residence, Prudhoe Hall, Prudhoe, on the 25th 
March, the Tyne loses one who, by his technical and adminis- 
trative abilities, has l>een prominent for the last forty years 
in the development of the shipbuilding and engineering indus- 
tries of the river. The deceased gentleman had suffered from 
a heart affection for some time, but appeared in his usual health 
ou the evening before his death, and was expected at the Walker 
Shipyard on the following day. 

Colonel Swan was born at Walker in the same month in 
1842 in which the first iron steamer built on the Tyne — the 
'' Prince Albert " — was launched at Low Walker, and to re- 
count the changes wrought in marine construction during his 
long career would indeed be to tell the history of iron ship- 
building. Commencing his apprenticeship in 1858 with the 
late firm of C. Mitchell & Company, shipbuilders, of AValker, 
he was all his working life associated with that firm, now 
merged into the great company known as Sir W. G. Armstrong, 
Whitworth & Co., Limited. In 1862 Messrs. Mitchell were 
entrusted by the Russian Government with the stupendous task 

♦ Excerpt, The ShiphxiUdtr, vol. ii., page 238. 
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of commencing the construction of iron war vessels in the land 
of the Czar, and Mr. Swan took up his residence in St. Peters- 
burg as the representative of the Tyneside firm. One of the 
Government's wooden dockyards was handed over to Messrs. 
Mitchell, who converted it into an establishment for the build- 
ing of iron warships and here they constructed five armour- 
clads for the Russian Navy. In recognition of his services in 
this connection, the Czar presented Mr. Swan, on leaving Russia 
in 1865, with a valuable diamond snuff-box. Returning to 
England he took charge of the Walker Shipyard of his finn, 
Mr. Charles Mitchell, the senior partner, having been compelled 
by ill-health to temporarily take up his residence in the South 
of England. Under the energetic and sound commercial 
management of Mr. Swan, the works were greatly developed, 
new and improved machinery was introduced, and the vessels 
built con-espondingly increased in number and importance. 

In the year 1882, the shipbuilding firm of C. Mitchell & Co. 
amalgamated with the Elswick firm of Armstrong, under the 
style of Sir W. G. Armstrong, Mitchell & Co. This fusion of 
interests was followed, in 1897, by the Tyneside company amalga- 
mating with Messrs. Whit worth, of Manchester, and since then 
the company ha? been known as Sir W. G. Armstrong, Whit- 
worth & Company. Colonel Swan was one of the managing 
directors of this great concern from 1882 until his death. Under 
his guidance, steamers of every description were built at the 
Walker Yard, from plain cargo carriers of moderate tonnage, 
to high-class, speedy mail and passenger steamers, large cruisers 
for Japan and other countries, and quite a fieet of ice-breakers, 
of which perhaps the " Ermack " is the most notable. But 
possibly Colonel Swan was most widely known throughout the 
shipping world as one closely identified with the carriage of 
petroleum oversea in bulk. Much of the success with which 
this trade has been carried on is due to the masterly manner 
in which he grappled with, and successfully solved, the naval 
architectural problems involved in the construction of vessels 
suitable for the safe conveyance in bulk over the Atlantic of 
liquid cargoes of so inflammable a nature as petroleum. Un- 
doubtedly one of our greatest authorities on oil carriers, he took 
out many patents in connection with this type of steamship. The 
first oil tank steamer to convey a bulk cargo of petroleum from 
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America to thia country, the *'Glucbauf/' which crossed in 
188fi, was built in accordance with Colonel Swan's system. 
Nearly half of the total number of orean oil carriers now n float 
have been con&tiuctetl at the Walker Yard, including the iii*w 
vessels '* Hujo Maru *' and '*Derbeut." It is iuterestin#r Ni 
note that the latest and must approved designs on which oil 
gteamers are being constructed are sub^taDtially the sauie as 
those on which Colonel Swan's original Tessels were built. 

It is not so generally known that, in addition tn being no 
long aasoeiated with the great shipbuibling companies of C* 
Mitchell & Conapany and Armstrong, WhitwoHh & Co,, Colonel 
Swan, together with Mr. Chailes Mitchell, was cloj^ely connected 
with the commencement of the two other famous Tyueside 
businesses which have made Wallseyd a large and populous 
town, and have greatly contnbuted to the reputation and fume 
of tho River Tyne as a centre of shipbuilding and marine 
engineering. It was in asjiociation with Mr. Charles Mitchell 
and Colonel H, 1\ Swan that the brother of the latter, the late 
Mr. Charles S. Swan, commeuced shipbnilding at WnllBenil 
under the style of C S. Swan & Company. On Mr* C. S. 8wan'* 
death, the firm became C. 8, Swan and Hunter, and is now 
known as Swan, Hunter & Wigham Richardson, Limited. Mr. 
C. Mitchell and Colonel Swan, with some shipowning friends^ h 
also formed the Wallsend Slipway and Engineering Company, ^ 
and for many years the latter gentleman was chairman of this 
rompaoy and he remained a director until his death. 

Colonel Swan was a member of the North-East Coast Insli- 
tntion of Engineers and Shipbuilders from its formation in 
1884 and from 1H9C, to 1898 he occupied the Presidential Chair, 
b«ring the seventh on the list. lie was a member of Council 
of the Institution of Naval Architects aJid a member of tlw 
Institution of Civil Engineers, Iron and Steel Institute, &nd 
Forth of England Institute of Mining and Mechanical Engineers. 
He joined the Volunteer forces in 1859, and for twenty -seven 
years commanded the 2nd V.B.N.F., being created a Com pan ma 
of the liath on his retirement, Oidy a few wee^ks prior to hi;^ 
death he was appointed High Sheriff uf North iimberlamL 
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ROBERT THOMPSON, J. P. 

Mr. Robert Thompson was the principal partner and cliair- 
iiian of directors of the old established and well-known firm 
of Joseph L. Thompson & Sons, Limited, of the North Sands 
Shipbuilding Yard and Manor Quay Repairing Works, Sunder- 
land. He was the eldest son of the late Joseph L. Thompson, 
and was educated at Gainford School. Having been actively 
engaged in the shipbuilding industry since the year 1805, his 
experience was very varied, and there was probably no more 
popular business man in the Wearside borough. From 1875 up 
till a year or two ago, when on account of ill-health he was 
obliged to take less active interest in business, the fortunes of 
the shipbuilding business were under his control and direction. 
Commencing his outside management of the shipyard in 
1870, when the plant and ground were altered to suit iron 
shipbuilding, all the eiforts of Mr. Thompson, who was impresscul 
w^ith the possibilities in the change from wood to iron ship- 
building, were directed towards the equipment of the establish- 
ment with the most modern requirements. The entei-prise and 
foresight then shown were displayed throughout his career until 
to-day the North Sands Yard is reckoned one of the best equipped 
on the North-East Coast. The firm has, on a. great many 
occasions, held the record of having launched the largest amount 
of tonnage on the Wear, and held high positions in the world's 
annual output of tonnage, being fourth on three successive 
occasions, and a great deal of the credit for this is due to the 
untiring energy and business ability of Mr. Thompson. Besides 
directing the aifairs of the shipbuihling and repairing business, 
Mr. Thompson waa an active partner in The Sunderland Forge 
& Engineering Company, Limited; he was one of the founders 
of the Wearmouth Foundry Company, Limited; Chairman of 
Directors of the Skinninggrove Iron Company, Limited, York- 
shire, and was connected with various other business enterprises. 
He was a County Justice of the Peace, a Freeman of the 
"Worshipful Company of Shipwrights, a Governor and Member 
of Council of the Durham College of Science, Newcastle-on- 
Tyne, and was one of the founders of The North East Coast Insti- 
tution of Engineers and Shipbuilders, in which he took 
considerable interest and proved himself a popular occupant 
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of the presidential chair duriag the two sessions 1891-1892 and 
1892-1893 ; he also contributed several valuable papers to the 
Transactions, Mr, Thompson was also a member of the Council 
of the Institution of Naval Architects, the Iron and Steel 
Institute, and other learned societies, and for a number of years 
was one of the North-East Coast representatives on the Committee 
of Lloyd's Register of British and Foreign Shipping, and acted 
as a member of the Technical Sub-Committee. He was also for 
a number of years a member of the River Wear Commission and 
of the Borough Council, and was also connected with various 
charities in the borough, being a member of the Infirmary Com- 
mittee, and for a number of years Chairman of the Monkwear- 
mouth and South wick HospitiiL He died on Januaiy 1st, 1908, 
in the 57th year of his age. 
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his love of study to the instruction of his elder sister, she to whose 
memory he dedicated the west window in Christ Church at Wall- 
car, or, as it is now more usually written, Walker. At sixteen 
years of age he went for a short time to Liverpool to study 
naval architecture under a ship surveyor named Senhouse 
Martindale. Returning to Newcastle, his father, acting upon 
the advice of the late Robert Hawthorn, apprenticed him for 
three years to the late Jonathan Robson, a builder of paddle 
and screw-tug steamers, at G-ateshe^id. On the completion of 
his apprenticeship he continued his education at University 
College, London, and subsequently at Tuebiugen University in 
Wuertemberg. He returned to Newcastle in 1858 and entered 
the service of the eminent engiueei^, R. and W. Hawthorn. 

It was in. the year 1860 that Mr. Wigham Richardson, tKen in 
his twenty-third year, purchased a shipyard on the Tyne, and 
founded the firm of Wigham Richardson & Co., the name of which 
for upwards of forty years was to be a household word in the North 
of England. It is interesting (says The Mid-Tyne Link, now 
issued as Tfie Shipbuilder) to recall that the shipbuilding 
branch of the Neptune Works is the oldest iron shipyard on 
the Tyne. It was started by Mr. Coutts, the pioneer of the 
industry on the river. The first iron vessel ever built on Tyne- 
side, the " Prince Albert," was launched from the original part 
of this yard on the 23rd September, 1842. The premises after- 
wards passed into the hands of- a London firm, Messrs. Miller, 
Ravenhill, & Co., prior to be taken over by Mr. Wigham Richard- 
son. The works covered only four acres with a river frontage of 
107 yards, and they had three building berths, the longest being 
320 feet. The Neptune Works gradually increased in size and 
importance; the small passenger vessels, tugs and barges built at 
first were followed by merchant ships of almost every type con- 
structed for practically every maritime nation in the world and 
engine and boilerworks were added in 1879. In 1899 the busi- 
ness was turned into a limited liability company, and in 1903 
was amalgamated with the shipbuilding firm of ('. S. Swan & 
Hunter, Ltd., and the Tyne Pontoons and Dry Docks Company, 
litd., the premises of the combined firms having an area of 78 
acres and a building capacity of some 150,000 gross tons per 
annum. 

Mr. Wigham Richardson*s name has always been associated 
with the North-East Coast Institution of Engineers and Ship- 
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